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Air Conditioned Tourist Camp—Drive In 


By George M. Sebree* 


HE Sea Breeze tourist village, Phoenix, Arizona, 


is air conditioned, using a refrigerated water circu 
lating system with connections to an overhead 
This particular 
tourist camp—or “motor court,” as they are called in the 
Southwest—was built around its air conditioning. 
the system was designed and installed, what it cost, how 
it works, and what the public thinks of it, are our sub 


finned coil and fan unit in each room. 


How 


jects. 
With 15 rooms of a total of 24 ready to rent, the Sea 
It had 


and has—-a high investment per room, a good location on 


Breeze village opened for business last August. 


the main highway, an experienced manager, and an air 
conditioning system. Of the 24 rentable rooms, six are 
individual cottages arranged in a semicircle at the front. 
These cottages are for the purpose of “dressing up” the 
place, and to hold to the tourist camp atmosphere and 
tradition, because the first 
At the keystone point of the semicircle is the 


camps were all detached 
rooms. 
office and manager’s room. 

The other 18 rooms are in two blocks of nine each, 
for economy in building construction and operation of 
the heating and cooling facilities. One block was not 
completed until about two months after the court opened 
for business. Behind these multiple rooms, and on the 
center of the back property line, is the power house 
which contains the refrigerating and heating equipment, 


pumps, etc. 


To the Tourist, a Good Night’s Sleep 


lt is hot in Phoenix in August. The Sea Breeze court 
Was ready to open. A neon sign was put out—‘‘Air 
Conditioned by Refrigeration”. To make a good story, 
it would be nice to say that the court was swamped with 


business from the moment of opening. As we are deal 


"President, Western Air Conditioning Corp 
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The Sea Breeze tourist village—or “motor 
court,” as they are called in the Southwest 

at Phoenix, Arizona, offers a good night's sleep 
winter or summer, for it has a year ‘round air 
conditioning system. How the air conditioning 
was designed and installed, what it cost, how it 
works, and what the public thinks of it are our 
subjects here... .. Mr. Sebree knows intimately 
what he’s writing about, for he is familiar with 
the installation both from the air conditioning 
engineers and the owner's viewpoint. His 
discussion is frank, complete and authoritative 





said that four or five rooms 
At the end of a week, the 
nightly occupancy was averaging 10 out of the 15 rooms 


ing with facts, it must be 
were rented the first night. 


then available. Before two weeks were up, the court 
was getting guests who were directed to the place by 
people who had stopped there. Frequently the guest 
on registering would remark, ““A man I met on the road 
told me to stop here. 


tioning system”. 


He said you had a real air condi 


The court had something the traveling public wanted 

real conifort at any season, plus the advantage of rate 
and convenience that has built the motor court inté a 
big business proposition when viewed collectively. But 
the comfort part was a little too new for some motor 
They simply couldn’t believe it about the 
and sometimes 


court patrons. 

air conditioning. 
difficult—part of the technique of the room clerk to in 
duce the prospective guest to get out of his car and come 


It became a necessary 


in the office to discuss rates, and at the same time to 
sample the cool atmosphere inside. Some of them didn’t 
want to get out of the car. 
that they were just too tired and too hot to move 


Once in the office, though, or in the room having the 


They gave the impression 
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Interior of a guest room showing air supply grille 
above door. Unit is directly behind grille with con- 
ditioned air connection to bathroom on left. ... . 
Below—Apparatus room, showing deep well pump 


accommodations desired, there usually wasn’t 
much argument. The air conditioning was 
functioning and acting like it would continue 
to function. The guest saw a good night’s 
sleep in prospect and if the rate was mutually 
agreeable a deal was quickly closed. 


Thirty Ton Compressor Cools Water 


Chilled water for air conditioning is fur- 
nished by a circulating system, the water being 
cooled in summer by a compressor and shell 
and tube cooler. The compressor is a two 
cylinder, 614x6% in. unit rated at 29.6 tons 
with 30 F ammonia temperature, driven by a 30 hp 
motor automatically controlled by the return water tem- 
In winter, water in the same lines is heated 
Each of the rooms 


perature. 
by an automatic gas fired boiler. 
has an overhead finned coil and fan unit, made to fit the 
space available. The insulated water supply and return 
lines are buried 3 ft deep. 

With a nominal 30 tons available for 26 rooms (in- 
cluding the office and manager’s rooms) the court is 
anything but short on tonnage. The Arizona sun is hot, 
but the buildings are constructed to withstand it. The 
individual cottages have tile gabled roofs in variegated 
colors, mostly good heat absorbers, but above the ceiling 
is 4 in. of rock wool, and between the ceiling and roof 
the space is cross ventilated. The multiple rooms have 
a flat roof with insulation made up of long wood shavings 
impregnated with concrete. This insulation has a K 
factor comparing favorably with other types of rigid in- 
sulation, and was applied in 2 in. thickness. Three ply 
tar and felt roofing went on top of the insulation and the 
finished roof was given two coats of aluminum paint. 

All walls are constructed of 8 in. concrete blocks in 
irregular sizes, but flat and painted white outside. Par- 
titions between rooms in the multiple blocks are also of 
the same thickness blocks. The air conditioning unit is 
not turned on in any room unless it is occupied, or is 
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next up to be rented, and it was therefore 
desired to have too much heat leakage thro 
partition walls. These partitions turned 
to be practically soundproof also. Out 
walls, partition walls, and ceilings are all | 
tered with California Mission tinted plast: 


All win 


have venetian blinds, and doors are 1! 


an average thickness of 34 in. 
solid wood. 
Cooling and Heating Calculations 


Calculations for cooling were based on | 
taining 77 F inside when the outside teny 
ture is 125 F. “A difference of 48 F,” 
say, “enough to kill you”. The answer is | 
this, or more, is the difference that can hx 





; 


is maintained regularly in many a Phoenix home, office 
Furthermore, no one seems 


store, hotel and club. 
suffer any bad effects. Midsummer heat in Phoenix 
withering but not wilting. 
space into outdoors does not usually expose one to the 
jolting impact of heat plus humidity. 

For heating, the system was figured to maintain 72 | 
inside when the outside temperature is 35 F. This is a 
37 F difference, and except in very exceptional cases 
will occur only at night. The hot water boiler is ovet 
size however, as is the cooling equipment, to take car 
of some rooms which may be built later. Approximate! 
half the boiler capacity is reserved for heating domestic 
hot water, so that in case of a phenomenally rapid fall 1 
outside temperature the domestic hot water heater could 
be cut out temporarily and hot water for the bathroo 
would still be supplied for three hours by a 500 gal 
sulated storage tank. This would make double the n 
mal boiler capacity available to cope with the situatio 
But during the winter of 1937-38, no condition aros 
give the heating capacity of the system even a 
workout. 


Going from a conditioned 


Why Not an Evaporative System? 


By now some of my readers will be asking “\\ 
wasn’t an evaporative system used, with its big saving 
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installation and operating cost over the refrigerating 
<ystem?” It’s a fair question, too. Phoenix is an air 
conditioned city. Its skyline is topped by innumerable 
cooling towers, at the rate of about one cooling tower 
for each two business establishments. Most of them are 
connected to an evaporative air cooling system. And 
en many of the days when the thermometer reads the 
highest, these evaporative systems are doing a very ac- 
ceptable job. 

Still, it was felt that refrigeration was a necessity. 
The points against the evaporative system seemed too 
strong. There is a saying in Phoenix that “When there’s 
a cloud in the sky, these evaporative systems fold up like 
a tent”. The country immediately surrounding Phoenix 
is not desert; it is irrigated farming country, and irriga- 
The old timers say that the 


i! 


tion is growing rapidly. 
relative humidity has increased appreciably since irriga 
tion was started, and will continue to increase as the 
water is brought to more and more land. 

Another point was that an evaporative system would 
have unbalanced the installation by making necessary a 
much larger coil for cooling than would have been re- 
quired for heating. Use water not quite so hot 
110 F instead of 160 F? Sure—and then run 
trouble keeping the domestic hot water hot enough, or 
to avoid this go to the expense of another boiler or bat- 


Say 
into 


é 
. 
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tery of storage hot water heaters, for heating the domes 
tic service hot water only. 


Cost of the System 


Finally, the additional cost of the refrigerating system 
wasn't as much as might be expected. The entire system 
as installed cost about $12,000. With the connections to 
the 26 rooms, this comes to about $462 per room. Taking 
into consideration the probable full capacity of the equip 
ment at 36 rooms, adding $175 per room for 10 addi 
tional rooms to cover the cost of coil and fan units and 
pipe connections, we arrive at a final cost of approxi 
mately $382 per room for the system as it will be in the 
future. 


High enough Still, not so high considering that 
everything is included in this cost—the refrigerating 
equipment and power wiring, the boiler, gas burner, and 


gas connections, two deep wells and a deep well pump, 
the circulating pump, the hot water storage tank, th 
hot water heat exchanger, the coil and fan units in the 
rooms, the water and refrigerant connections, and hun 
feet of 
lines, and the labor to install all of this equipment 


circulating 
If 
an evaporative system had been used, $3,500 for refrige: 
With that de 


duction in mind, let’s start adding the cost of large 


dreds of buried and insulated water 


ating equipment would have been saved. 


underground water lines and larger coil and 


fan units. This would have resulted in an ad 
ditional problem because the present units take 
up all the ceiling space that can be spared in 
Finally, let’s add the cost of a good 


not 


the rooms. 


sized cooling tower needed now becaust 


and 


the deep well pump is necessary anyhow, 
it supplies plenty of water for the condenser 
It the additional cost (if 


any) of the refrigeration system over the evap 


will be seen that 


Operating cost 
might Here it 
was felt that it was worth something to have 
the 
every day 


orative was pretty reasonable. 


be another story, of course. 


desired conditions on tap any day and 


to advertise comfort and deliver it 
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as advertised and strictly according to specifications. 


The Ammonia Refrigeration Plant 


The refrigerant selected was ammonia because, in this 
particular case, there were no disadvantages in using it. 
There is 60 ft of wide open space between the power 
house and the nearest guest room. The only duty of the 
refrigerating equipment is chilling water, which in turn 
circulates in a closed circuit. All matters of safety are 
thus taken care of. The water is cooled in a shell and 
tube cooler having 260 sq ft of surface; about 8.7 sq ft 
per ton at a nominal capacity of 30 tons. The condenser 
is almost a duplicate of the cooler, having also 260 sq ft 
of surface. The refrigerant charge is 300 Ib of ammonia 
which fills the cooler shell about two-thirds full. Both 
the condenser and water cooler are code welded. 

Refrigerant control is by means of a high pressure 
float valve; consequently 98 per cent of the refrigerant 
is in the cooler at all times. The compressor is operated 
by a thermostat in the return water line from the room 
units. When using only 17 of these room units, the 
thermostat was set at 42 F cut out, and 50 F cut in, 
outgoing water temperatures. The cycle of operation 
was about 8 minutes on and 12 minutes off—three full 
cycles in an hour. This produced the desired tempera- 
ture of about 78 F inside the rooms with the hottest out- 
side conditions. As autumn approached and the daily 
outside maximum dropped to 105 F, then to 100 F, the 
adjustable differential thermostat was reset to cut out 
at 44 F and in at 58 F. The running period stayed at 
8 minutes, but the off period lengthened to 20 minutes. 
About October 15, the refrigeration was shut off for the 
season, and some- 





thing like 30 days : 
later a little heat be- aA alt 
gan to be needed in 
the rooms at night. 

Water for the con- 
denser is obtained 
from a 6 in. diameter 
well 70 ft deep. In 
summer, the well 
water temperature is 
72 F. With 8.7 sq 
ft of condensing sur- 
face per ton, the 
condensing pressure 


averages 160 lb, be- 














ing a little higher at 
the start of the 8 
minute running period and a little lower at the end. The 
court is beyond the city water mains at present, and the 
well is the sole source of supply for all water except 
drinking water. There is probably nothing wrong with 
it for drinking too. It has a mineral taste, but is not 
unpleasant, and chemical and bacteriological tests have 
shown nothing harmful in it. However, for the pres- 
ent, bottled water with a water cooler is supplied for 
all rooms. 

The well has produced 90 gpm on sustained tests. The 
water not used for domestic purposes, including all the 
condenser water, is put back in the ground through an 
8 in. return well about 60 ft from the supply well. A 
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rather surprising thing is that it has turned out ¢. jp. 
cheaper, more practical and convenient, to use the 
gation district’s water for the lawn than to use the | ¢)) 
water, which is already on tap under pressure, and yoy 
of which is being returned to the 50 ft level undergr: 


Boiler Is Gas Fired 


The boiler is made of steel, insulated, and has a 1 


nal hot water rating of 1100 sq ft EDR. 


Natural eas 


the fuel, and the burner is automatically controlled by ¢ 
water temperature, being usually set to cut in at 140 | 


and out at 180 F. 


Domestic hot water is heated by 


boiler water at all seasons of the year by means 
horizontal shell and tube heat exchanger having 45 sq { 


of surface. 


In winter, this heat exchanger is in th« 


culating pump circuit and in summer the boiler water 
circulates through the heat exchanger by thermo-sip! 


action. 


All the usual methods of heating water were consid 
ered, and they all had one thing in common—the heat: 
itself was sure to lime up quickly with the availa) 


water. 


The shell and tube exchanger was selected } 


cause it is a simple matter to take off the heads and clea 
out the tubes with a suitable cleaner. 
has four passes and the water to be heated is forced 
through it by a % hp circulating pump operated fron 
thermostat in the hot water storage tank. 

Some of my readers who are still sticking with nx 
will ask, “What’s the matter with a solar water heate: 


Isn’t this a natural setup for it?” 


This exchang 


It’s true that a sola: 


water heater could be used with good results in sumnx 
and probably will be used at some future time. It is 
not being used now because the gas utility’s connectio 
or minimum charge will probably cover the cost of fu 


used. 


If this cost materially exceeds the minimw 


charge a solar water heater will be installed because th 
sunshine is going to be there, right on the roof of 

power house, and only a few feet from the water cor 
nections to the heat exchanger. 


Two Sizes of Room Units 


The coil and fan units used in the rooms are of th 


overhead type, pulled up tight against the ceiling 


\ 
1 


natural location suggested itself in the little hallway at 


the rear of each room. 
wood panel underneath and the return air grille is 1 
Outside air is taken through an 8 in x 6 u 


this panel. 


The unit is concealed by a ply 


i? 


opening in the outside wall, with a louver and screen 
near the entering air end of the unit. 
discharge duct work is used, most of the conditioned ai! 


being discharged straight ahead into the room wit 
little being deflected through a smaller grille into 


bathroom. 


A short length « 


the 


All the rooms are not of the same size, the large! 
single cottages and end rooms in the multiple blocks r 
quiring considerably more capacity than the interior 
rooms in these blocks. This difference was compensated 
for by using coils six rows of tubes deep in the units for 
the larger rooms, four rows of tubes deep in the others 


All coils are of the same face area, 9 in. x 16 in. 


All tans 


in the units are 6 in., double inlet, double width, and ar 


driven by belted 1/6 hp motors at approximately 


1250 
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the air conditioning machinery (right 








rpm in four row coil units, and 1350 rpm in six row coil 
units. Each unit delivers about 350 cfm, and the diffe: 
ence in capacity and delivery air temperatures between 
the four and six row coils seems to ce ynpensate perfectly 
for the difference in the size and exposure of the various 
rooms. 

With the return air opening 7 ft above the floor, some 
trouble with stratification was experienced when heating. 
This trouble had been expected and was taken care of 
by using small deflectors over the grilles to force the 
warm air to the floor. 
take return air from the floor, but space simply does not 


It would be a better solution to 
permit. The fans make some noise, but not enough to 
be objectionable or to justify lining the inside of the dis 
The 
motors are turned on and off by a convenient wall switch 
marked “Air Conditioning’. Individual thermostats have 
been considered to operate the fan motors and they may 
be installed some day. 


charge ducts with sound absorbing material. fan 


The Piping 


The underground water supply and return lines are 
buried 3 ft deep, and are insulated with wool felt 11% in. 
thick, After the pipe covering was applied it was painted 
The 


with hot asphalt, mopped on with a paint brush. 


Building Conditioned for 


Total net rentable area in the John Mariner Building, 
Milwaukee, Wis., above the first floor is 40,000 sq ft. 
This area was air conditioned at a net cost of approxi 
mately $1.00 per sq ft. The low figure is undoubtedly 
due to the fact that the building was designed for air 
conditioning, which means that the tonnage was low per 
unit of space and that the equipment was installed as 
the building construction proceeded. 

The management anticipates 100 per cent occupancy 
4 the building by December 1. The rentals asked are 
approximately 25 to 30 per cent higher than rentals for 
space in buildings similarly located, but without the con- 
venience and advantages offered by this building. The 
building management attributes about 80 per cent of this 
higher rental to the added value offered by air condi 
tioning. This, together with similar experience in other 
cities, tends to indicate that air conditioning iristalled in 


, 


Heatinc, Princ anp Am Conpit1ontnc, May, 1938 





Air view of the Sea Breeze tourist village. The building at the rear houses 


a 12” x 10’ horizontal shell and tube condenser 1 


half) and linen storage (left half) 


piping was sized tor a tot: 


is circulated through it by a 3 hp single su 


trifugal pump. From the power house wall ’ 
thest unit is a distance of 195 ft along the pipe lines 

lhe drains from the unit drip pans are not trappx 
into the sewers. The water in the traps evaporates 
mediately when the summer cycle is ended hen, unless 
a complicated system of double trapping wert ed 
sewer gas would soon be where it would do the most 
harm—right in the air stream \ better solution, a 


the one used in this case, is to run each individual 


line 2 or 3 ft outside the building, about a foot below thx 
ground surface These lines terminate there witl 
strainer, in a hole filled with coarse crushed rock, an 
with the rock covered over with dirt; the water is thus 
readily absorbed into the surrounding earth 

Such is the picture of a completely air conditioned 
tourist camp. From a mechanical standpoint works 
From an investment standpoint, what is the value of th 
air conditioning system? Will it keep the court full 
during the summer months, when it would otherwise b 
empty? Will it do this at an average rate satisfactory 
to both the owners and the traveling publi Phere 


no precedent to go by, but by all signs the answer should 


be “Yes.” 


wav or the other 


This summer will give the answer definitely, 


One 


$1.00 per Square Foot 


new office buildings is sound from the economic stand 


point, that it will not only carry its part of the load but 
will greatly improve the earning power of any commet 
cial office building. 

The upper five floors are served from a central sta 
tion air conditioning system, with the compressor in th 
basement engine room, and the air 


circulating equip 
ment in the penthouse above the sixth floor. The base 
ment equipment consists of one 10” x 7 vertical 
single acting “Freon-12” compressor, with partial 


bypass, V-belted to a 60 hp, 208 volt, a-c motor witl 


special starter; one 8” x 6” vertical single acting 


“Freon-12” compressor, with partial bypass, V-belted 
; and 


M 


to a 30 hp, 208 volt a-c motor with special startes 


HuGHEY.* 


*Sales Engineer, York Ice Machinery Corp 
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Left—Two stoker fired b.\| 
ers furnish steam at a maxi 
mum pressure of 75 lb [o; 
heating the school .. . Beloy 
—Exterior view of the build. 
ing, which has complete {, 
cilities for 450 students from 
first grade through senior 
high school. The _boile: 


room is at the right rear 





Heats Consolidated School 


cluding the pneumatic temperature control, boilers 


HE Consolidated School of Pleasant Township, 
completed last year at Kouts, Ind., is heated by a 
for operation at a maximum 
pressure of 75 Ib per sq in. Architect Callix E. Miller, 
A.I.A., of South Bend, Ind., adopted the high pressure 
design for reasons of economy, as his preliminary studies 
indicated that the savings from. small pipe sizes, less 
required heat emitting surface, elimination of pressure 
reducing valves, etc., would be much greater than any 
increase in cost due to the use of high pressure rather 
than low pressure equipment. 

By “consolidated” school is meant one that serves 
several country school districts or townships. Through 
pooling the money which would otherwise be spent for 
several small buildings at various locations, it is possible 
to erect a large building with complete facilities, com- 
parable to a city school, for children in rural areas. 
Buses transport the children to and from their homes. 

The building is ample to accommodate a student body 
of 450, has facilities for complete grade, junior and senior 
high school work, and is provided with complete equip- 
ment, including a gym- 


system designed 


stokers, totaled $19,894.00. On a cubic foot basis, total 
cost was 25.3c per cu ft and heating cost was 2.9% pe: 
cu ft. 
of the building, indicating the type of architecture a1 

construction, 

For comparative purposes, Mr. Miller cites a sch 
building erected during the same period in another In- 
diana township, which is heated by low pressure stean 
This building comprises an elementary school only 


One of the photographs shows an exterior view 


of a colonial type of architecture, and has a cubage of 
about 580,000 cu ft. Total construction cost was $191 
400 (not including architect’s fee) and the cost of th 
heating and ventilating equipment was about $31,900 
On a cubic foot basis, total cost was 33c per cu ft an 
heating cost was 5.5¢ per cu ft. 


Boilers Are Stoker Fired 


Steam for heating at the Kouts school is supplied by 
two stoker fired, fire tube boilers of 80 rated horsepowet 
each, built to comply 
with requirements fo. 





nasium, a separate audi- 
torium with a seating 
capacity of 460, and 
well furnished class 
shop, labora- 
tories, etc. The cubage 
is about 700,000 cu ft 
and the total cost was 
$176,935.72, which in- 
cluded all furnishings 
and equipment, but not 
the architect’s fee. The 
cost of the heating and 
ventilating systems, in- 


rooms, 





The new Consolidated School of Pleasant Township 
at Kouts, Ind., is heated by a high pressure steam 
system designed for a maximum pressure of 75 lb 
per sq in., with arrangements for varying the pres- 
sure depending upon the outside temperature. Pri- 
mary reason for using high pressure steam was the 
expected economy in the cost of installation due to 
smaller required pipe sizes, less radiation surface for 
the same amount of heat, etc. 
other purpose than heating. . . . The following 
description of this unusual school job is based upon 
the specifications and other information furnished 
through the courtesy of the architect, Callix E. Miller 


100 Ib working stean 
pressure. There is no 
other use for steam ex 
cept for heating. The 
stokers are guaranteed 
to carry a load of 15,00 
sq ft of equivalent direct 
radiation on each boiler 
when burning a_ free 
burning bituminous coal 
of not less than 12,000 
Btu per Ib. Stoker con- 
trols consist of a combi- 


Steam is used for no 
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nation fuel cutout and pressure control instrument on 
each boiler set for a 75 Ib maximum working pressure 
and a master control instrument having a range from 
0 to 100 Ib. Magnetic thermal overload cutouts and a 
hold fire control of the electric time switch type, operat- 
ing on a three hour cycle with adjustable time cam, are 
provided. The boiler safety valves are set at 100 Ib. 

By means of the master control instrument it is pos- 
sible manually to vary the pressure of the steam supplied 
by the boilers to the heating system over a range from 
0 to 75 Ib depending on the outside temperature. Dur- 
ing the 1937-38 heating season, which was the first full 
year of operation, the highest pressure that was needed 
was about 45 Ib on a day when the outside temperature 
was slightly below zero. The system circulated freely 
to the most remote radiators on a test at 5 Ib boiler 
pressure during normal mid-winter weather. 

The boiler room is at the right rear corner of the 
building photograph) and steam is conveyed 
through pipe tunnels principally under the first floor 
corridors to the risers supplying the direct and indirect 
radiation. The first floor of the building primarily is of 
concrete slab construction resting directly on the ground, 


(see 


excepting for the plenum and pipe tunnels. 


The Radiation 


The direct radiation comprises two different types, 
both standard units of a steel fin type, embodying a 
heavy copper tube arranged in the form of a continuous 


coil to which is mechanically bonded a series of steel 
plates or fins, the whole assembly being rigidly locked 
into a single unit. Designed for a working pressure of 
150 Ib per sq in., the radiators were tested in the process 
of manufacture under a hydrostatic pressure of 5000 Ib 
Construction of the radiators and the design of the fin 
is such that there is a high rate of air flow over then 
which reduces the amount of radiant heat and tend 
to keep the surface temperature of the radiators low 
According to the architect, the advantages of using 
the high pressure steam for heating come from the small 
radiator sizes for a given amount of heat, the small 
steam piping and the low cost of insulating this piping. 
He roughly estimates the pipe sizes were reduced about 
one-half, and that in general one radiator instead of tw 
was required in all of the class rooms except the cor 
mercial room, which cut the number of valves and tray 
needed. In all, there is 4809.8 sq ft of equivalent dir 


radiation for the direct radiators, and 21,670 sq ft of 


equivalent direct radiation for the domestic hot water 
heating, blast coils, and the unit heaters which serve 


gymnasium. The largest steam line in the building 


34% in. diameter, except for a 4 in. line to the hot water 
storage heater and the blast coils in the fan room 
The piping was carefully sized to balance stean 
tribution. With a maximum pressure of 75 Ib avail 
able for extremely severe weather, heat contrvi is 
sible by lowering the pressure used in milder weat! 
All radiator traps were specified to be good for 10 


lb per sq in. working pressure. 


The school auditorium, with a seating capacity of 460, showing the three direct radiator units which care for the heat losses 


along the exterior wall. 
and one with top outlet. 
{Illustrations courtesy Shaw-Perkins Mfg. Co.] 












































The enclosure 
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The close-up shows one of these units, each of which is made up of two radiators, one with front outlet 
is backed with reflective insulation 
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The direct radiation cares for the heat loss from the 
building and ventilating air is tempered by blast units 
supplying the auditorium, gymnasium, laboratories, shop, 
and all class or recitation rooms. These units are de 
signed for a working pressure of 150 Ib, but are supplied 
with steam at a maximum of 75 lb pressure. The in 
direct heating units have a pan type humidifier with 
float box and float valve to maintain a constant water 
level, installed between the tempering heaters and the 
supply fan. Submerged in the pan is a closed heater 
of 2 in. red brass pipe ‘to evaporate sufficient moisture 
to maintain the air supplied for ventilation at a relative 
humidity of 50 per cent when the entering air is at a 
temperature of zero. The humidifier is controlled auto- 
matically by a gradual acting insertion humidistat in the 
fan discharge. 

The gymnasium outside air supply is 
tempered by two unit heaters in the reg- 
ular air supply flues from the plenum 
chamber to the gymnasium; provisions for 
recirculation permit quick heating up. 

One of the illustrations shows a general 
view of the 460 seat auditorium with the 
three direct radiator units that care for 
the heat loss from the room along the out- 
side wall. The inserted illustration shows 
a close-up of one of the radiator units in 
its enclosure, which is backed by reflective 





The commercial department 

room, which is the farthest {. 5, 
the boiler room. This is the ..»)}, 
class room with two radiator. 4)| 
the others having but one rad) jo; 


was gotten into a com; 
tively small enclosure. 

Another of the ill 
tions shows a general 
of the commercial cé 
ment—which is the fa: 
room from the boiler 
which is the only class 
that has two radiator: 
the others having on 
other of the photog 
shows a radiator at or 
the entrances to the buil 
and indicates the neat 
pearance of the install 

At present, only th 
heating system, the radiation for the gymnasiun 
the radiation for the auditorium are under aut 
pneumatic temperature control. However, the 
for all radiators have special bodies and can be conv 
to automatic control by removing the hand contr 
ments when the appropriation for this additional 
becomes available later. All roughing-in work is 
installed. 

The heating contractor for this building was 
Valparaiso Plumbing Co., Valparaiso, Ind 





Drs. C. Sleeth and E. Van Liere reported 
American Journal of Physiology (Vol. 118, No 
in a cool atmosphere food was digested better 
quicker due to an increase in gastric activity | 


report was the result of a study conducted wit! 


apt $524 4 
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foil insulation. These radiators are to be 
covered with ornamental grilles but were 
installed without the grilles for the time 
being because of a limited appropriation. 
It will be noted that each of these three 
units is made up of two radiators, one ar 
ranged for front outlet of the heated air, 
with one for top outlet of the heated air 





immediately behind 


it. In this way a Close-up of radiator at 
one of the building en- 
d é trances, indicating neat 
heating capacity appearance of installation 


large amount of 
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SE ot arrester equipment for collection of 

injurious vapors and dusts is being stim- 

ulated by the ever increasing legislation in- 
tended to improve working conditions. Much such 
legislation is of a conflicting nature which tends to 
defeat its purpose. Some states have established 
codes of specifications which are very drastic, but 
even so are hardly a guarantee that dangerous con- 
ditions will be eliminated. In order to be in accord 
with social legislation many industrial concerns 
especially those handling silica dusts—have in 
stalled expensive equipment for removing these 
dusts from the air; a number of these installations 
fail in achieving their purpose for lack of proper 
care and attention. It is hoped that this descrip- 
tion of maintenance routine followed at the Bird & 
Son, ine., crushing plant, East Walpole, Mass., will 
be of value to those interested in dust arrester in 
stallation and maintenance. 

This plant is designed to crush small aggregates 
of approximately 10 to 28 mesh sizes at a rate of 
5 tons per hr. The rock as quarried is brought to 
the mill and the initial crushing is performed by two 
gyratory crushers. After a preliminary grading on 
two totally enclosed screens the material goes to a 
roll mill where it is crushed to approximately the 
correct size. It then passes through an air separa 
tor to remove the fines and then it goes to a large 





vibrating screen, where the final grading takes 

place. Any material rejected by the final screen as too 
large goes to a second roll mill and then returns for 
screening. That material taken out by the air separator 
and dust arrester system which contains some coarse 
particles is put through a tube mill before being bagged. 
All minus 200 mesh dust is bagged in paper bags for 
use as filler at the company’s roofing plant. The various 
units are designed and connected as a totally enclosed 
unit insofar as possible. 
into the system at various points such as elevator boots, 
vibrating screens, etc. It is intended that a slight in-draft 


Arrester pipes are connected 


*Dust Control Engineer, Bird & Son, inc 



















































































aintenanee Routine 


for a 


ust Control System 


By Donald E. Frazier* 


The use of dust arrester equipment has been stimu- 
lated by the ever increasing legislation intended to 
improve plant working conditions, but without the 
proper care and maintenance expensive dust collect- 
ing systems fail to achieve their purpose. . . . The 
air cleanliness throughout the mill is a yardstick by 
which the arrester efficiency is best evaluated. This 
may be determined by a number of instruments, the 
most generally accepted being the Smith-Greenburg 





impinger. 
question is adequate the best insurance against failure 
is frequent check-ups, which should determine the 
condition and resistance of the filters, the condition 
of the piping, air flows, and general effectiveness of 
the system by means of the dust count. 
of any worn parts should follow such a check-up 


Assuming the arrester installation in 


Replacement 





be maintained on the equipment as a whole to prevent 
leakage of dusts into the air. 

The first arrester equipment installed was a 21 ft unit 
used in conjunction with a blower designed to handle 


20,780 cim at a static pressure of 71% in. of water. The 


arrester had what is known as a three to one ratio of 


filter area (7. e., 3 cfm of air handled per sq ft of filtet 
cloth area). This arrester was not entirely satisfactory 
since the knocker arrangement put too great a strain on 
the filter cloth, causing many of the bags to vreak open 
The knocker was not capable of keeping the filters clean 
and the dust accumulated in caked layers until the re 


sistance became so great that 


the filters stretched This 
a) stretching continued to the 
point where adjacent filtes 


cloths touched each other on 








the clean air sides, reduc 








Fig. 1—Flow sheet for Bird 
& Son rock crushing plant. 
l—crusher. 2—rock storage 
tanks. 3—rock dryer. 4 

elevator. 5—scalper screens. 
6 crusher. 7 eight foot 





air separator. 8— and 9 
elevators. 10 vibrating 
screen, 11 and 12 roll 





mills. 13 


six foot air sep- 
arator. 14—junk tank (65 




















to 100 mesh material). 15 
dust tank. 16 bagging 
machine. 17—tube mill. 18 
granule scales. 19 
granule storage tanks. 20 


















































elevator. 21—dust arrester. 
22 elevator. Letters on 


Table 2 


refer to 





drawing 


and show location of arrester 














referred to in table 
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pipes 





ing the filter area. Additions to the mill necessitated the 
installation of the present equipment. This consists of a 
36 ft arrester unit with a 10 ft classifier section. The old 
exhaust fan was replaced with a blower capable of han- 
dling 25,650 cfm at a static pressure of 7% in. of water, 
driven by a 50 hp, 550 volt motor with a full load speed 
of 1170 rpm and a fan speed of 1520 rpm. The arrester 
has 12,700 sq ft of filter cloth area, and a ratio of two 
to one. 


Procedure in Taking Dust Counts 


When this installation was completed dust counts 
taken with the Smith-Greenburg impinger ranged from 
0.5 million to 6 million particles per cu ft. Since then 
we have made periodic dust counts with the impinger 
and also a microscope instrument which have been con- 
sistently below 10 million and often as low as 2 to 5 
million per cu ft. In order to keep the counts in this 
low range it is necessary to make frequent inspections 
and tests on the arrester system. This is done weekly 
and a report is given to the maintenance department so 
that necessary repairs may be made during the week- 
end. The following is our procedure: 

1. Dust counts are taken throughout the mill at several places 
near where the men regularly work. 

2. Manometer readings are taken at various places in the pip- 
ing system and especially at the arrester house where the re- 
sistance across the filters is noted. 

3. A careful inspection is made of all arrester piping and 
chutes for any leaks where dust might get into the air. In dark 
or shadowy places a multi-cell focussing flashlight is a great 
help in locating leaks. 

t+. About once a year an outside engineer is called in to 
make dust counts and a survey of conditions. This is to check 
results and for a matter of record. 


Measuring Static Pressure 


Measurement of the static pressure with a water ma- 
nometer has no particular value in determining the air 
flow at any point unless the velocity pressure is also 
known. This may be obtained by using a Pitot static 
tube, but if a little dust gets into the tube the readings 
are worthless. A better method,is to use a thermorneter 
anemometer which can be made up quite cheaply. The 
instrument we use, 
which was designed 
by C. P. Yaglou 





Barr ie Sa . 


. 
ewe | 
ry 


~-° fe 
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of the Harvard School of Public Health, is simp], 
220 F thermometer with a wire wound around the | |} 
and connected to a source of constant voltage (2 tu x 
volts). The difference in the temperature reading 

the current turned on and that reading when the cur: 

is turned off is noted and by referring to a graph w! 
has been previously calibrated the air velocity is 
directly. 

By manipulating the blast gates in the air ducts 
desired velocity can be obtained and the blast gate | 
locked in position. A static pressure reading can 
be taken and used as a standard against which su 
quent readings may be checked provided the positior 
the blast gate is unchanged. In some locations the wea 
of the blast gates may be excessive, causing the readings 
to change. The only solution is replacement of the wor 
part and a recheck with the thermometer anemom: 
In using this instrument extreme care must be taken t 
read the thermometer to the closest half-degree or even 
to smaller limits if possible. If this is not done, sizeab| 
errors are likely to result. 


Air Velocities at Plant 


Recent readings of air velocities and corresponding 
static pressures at nine representative points of ventila 
tion have been made. Total air flow for these nine points 
is slightly less than half of the total handled by 
system. These velocities haye also been converted 
volumes of air handled by the system and are listed 
Table 2. 


SEcTION Vexrocity, Pipe Size, REMARKS 

Frm. In, 

Biovnter We. 4...cccscass 4000 8 1/3 volume t 
4200 5 

Elevator No. 28. .......00: 4200 8 

Elevator No ” ee ...4200 5 Velocity taken i: 

pipe 

3000 5 

Elevator No. 20.. ~eee+ +8000 4 
2500 4 

Elevator No. 8 sasahueee Velocity taken 

pipe 

Roll Mill No. 12 8300 ! 

Hood (see photo) ... . . 38630 4 

Scalper screen (two) . .8540 6 

Bagging mach. hood .. +2700 12 100 fpm at face 2 


300 at point 





PULL Adiyi, 


I 
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Table 1 


in, pipe 
in. pipe to crusher 

s in.—Material feeder 

$ in.—Material feeder 
in.—Conveyor hood 

; in.—Top of storage tanks 


storage tanks 


i sm Top ol 
Inclined elevator 


* im 
Total 
{4 in. Main pipe 
6 in.—Scalper screen 
6 in.—Scalper screen 
in,-—Elevator 
in.—Elevator 
4 in.—Elevator 
5 im Hummer screen 
> mm Dust tank 
; in.—Junk tank 
; in.—Junk tank 


in.—Elevator 
Elevator 


4 in.—Scales hod 
t in.—Conveyor hood 
6 in.—Elevator 
1 Newhouse crusher 
in Newhouse chut hood 
4 in Dryer 
& in.—Elevator 
in.--Crushing rolls 
Crushing rolls 
Storage tank 
5 i Storage tank 
Total 
14 in. pipe 
» in.—-Bagging hood 


( onveyor 


If a close check is made 
of these velocities with the 
air quantities in Table 2 
several apparent discrepan- 
cies appear. This 
cause the 5 in. pipe to the 
bottom of elevator No. 9 
and the 5 in. pipe to eleva- 
tor No. 8 are only small 
sections of 5 in. elbow 
which join in an 8 in. line; 
therefore the velocity read- 
ing was taken in the 8 in. 
pipe. At another point the 
8 in. pipe to elevator No. 4 
is connected at the junction 
of two chutes with the bot- 
tom of the elevator. It was 
assumed, therefore, that the 


is be- 


Dust Collector Piping, Bird & Son Plant 


1.00 s 


0.196 


0.087 


sq it 
sq ft 
0.087 sq it 
0.136 Sq it 
0.087 sq ft 
0.087 sq it 
0.196 sq it 
0.876 sq 
2.84 sq it 


0.196 sq 
0.196 
0.136 sq 
0.136 sq ft 
0.087 sq it 
0.348 s ft 
0.136 s 


0.136 sq tt 


0.136 sq ft 
0.136 sq ft 
0.1386 s tt 
0.087 sa ft 
} it 
0.087 « 


0.196 sq 


0.136 sq ft 


0.136 sq itt 
0.087 x 
0.348 sq 
0.186 s 
O.136 s« tt 
0.136 sq ft 
0.186 sq ft 


400 s ft 


1.0 sq 
O.15¢ sq 
Table 
EQUIPMENT Siz! 
Elevator No. 4 33’ height 
Elevator No. 22 58’ height 
Elevator No. 9 28’ heis 
Elevator No. 20 1) heim 


20’ height 


Elevator No. 8 


Roll Mill No. 12 16" x 16" 
Hood over belt conveyor! See p 
Scalper screens (2) x8 
Bagging machine hood 20.7 


16 


air drawn from the elevator 


was one-third of the air handled through the 8 in. pipe. 


Lert ro Ricnr 


Fig. 2—Bagging machine hood 
with side opened back to show 
point of origin of dust at outlet 
-.. Fig. 3 — Large primary 
crusher. Note absence of dust. 
Arrester piping is connected to 
the under portion and draws 
much of the dust down through 
the opening . . . Fig. 4—Hood 
over belt conveyor (G on Fig. 1) 


Some settling occurs 
in the piping but what 
little there taken 
care of by frequent 
checkups on the condi- 
tion of the pipes. One 
small section of piping at 
the extreme end of the 
24 in. line was clogging 
continually and a check 


IS 1S 
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on the velocity showed it to be 2200 fp I 
piping layout has since been changed to overcome tl 
clogging by connecting this section to the 14 in. main 


line pipe, thus shortening materially the distance to the 
arrester lable | 
In the pipe leading from the bagging machine hoo 


(for the general piping layout, sec 


where the velocity is listed as 2700 fpm there 1s n 
settling whatever, which is probably due to the fact tl 
the dust is all minus 200 mesh at this point 

at other sections are found to be of the coarser 

100 mesh). The au 

lower than those commonly reported as necessary fot 
rock dusts. 
centrations in the air are being kept well 


materiais 


(6 to velocities used are somewhat 


Dust counts, however, indicate that the con 
be low recog 


nized standards. 
Solid particles require certain minimum velocities {or 


meumatic conveying which vary with the size, shap 
- > : 


and density of the particle. For vertical conveying 
average 


Valle 


pel minute : 


solid particles the following equation of 


gives a minimum value for the velocity l’ in feet 


V = 54700 ye “4 
. at 7 
5 opecihc eTravitv ot! part le ) I 
at Bird & Son 
> ; | 
i partick cqiameter 1 ree? 


Since we are making 10 to 28 mesh material we do n 
want to collect through the arrester system any particles 
coarser than those retained on 35 mesh (0.0232 in 
From DallaValle’s equation we find that a velocity of 


1150 fpm will convey vertically particles as large as 35 
\s already mentioned, the 
2200 to 4200 fpm. The 


mesh but no larger velocities 


throughout the mill vary from 


9 . — . 
2—-Air Quantities and Miscellaneous Data 
, AIR STATIC REFERED 
VoLumi EXHAUSTED | PressurR! MATERIAI ETTER 
Cu Fi Crm In. H® HANDLED Fic. 1 
SH 1035 9 5 2 ir 100 me \ 
~ 
1v 1450 2 25 % in. to 200 . 
0.0 LOSS 2 0 ie i 200 ‘ 
D 47 2 0 10 28 me ‘ 
4 
" 10 1 7 100 200 } 
150 23 4 10 me 
1 6 ] 2 O 2 ‘ j 
5 ous 2 O 2 100 t H i 
‘ 
2120 2 200 


present pipe lay-out is such that these velocities must be 
maintained to other 
equipment. Therefore, we have to expect that some of 


insure in-drafts on elevators and 


the larger size material (6 to 28 mesh) will be carried 
into the arrester system. This has been found to be th 
case and only by judicious placing of the arrester pip 
connections is it possible to keep this to a minimum 


[Concluded on p. 31 


rentals Relating to the Design and Operation of Exhaust Sy) 

tems,”” American Standards Association Also published in A.S.H.1 
Journal Section, Wearinc, Pirinc awn Air ( N Sent ' 
embe 


1932, 639-641. 
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Practical Suggestions for 


Reducing Piping Corrosion 


N many piping systems the mechanical installation 

itself has an important bearing on the service life 

obtained from the pipe. The mechanics of the sys- 
tem as well as the selection of the kind of pipe to be 
used can be accurately controlled, but in most cases the 
operating conditions are subject to little or no control. 
Obviously it is desirable to take every precaution pos- 
sible that will increase the service life of a given in- 
stallation and it is with that in mind that the following 
practical suggestions are offered. 

1. Where threaded joints are used the pipe threads 
should be cut accurately. Pipe with wavy, shaved, 
rough or non-concentric threads should never be in 
stalled as it can and probably will be a source of trouble. 
Corrosion failures at joints, as well as joint leaks, can 


be caused by improperly cut threads. 
2. When making up threaded joints the pipe threads 


should be drawn up tight into the coupling or other fit 








turbulence and, where suspended solids are convey 
may cause obstructions to form. Turbulence, part 
ularly, is undesirable because it tends to increase cor 
sion, 

4. In hot water systems it is desirable from the « 
rosion standpoint to keep the temperature of the wai 
at not more than 140 F. Usually this is possible 
domestic hot water systems. 

5. Where water is to be heated for domestic or ot 
uses, it is desirable to employ an open or deaerat 
type heater which will permit dissolved gases in 
water to escape. 

6. For wrought iron pipe and steel pipe it is des 
able to use cast iron, malleable iron, cast steel or for; 
steel fittings, in preference to non-ferrous fittings. 

7. Contact between dissimilar metals should 
avoided wherever possible and particularly in lines | 
dling solutions which are good electrolytes. The sar 
applies in the handling 
hot solutions. However 
where ferrous pipe must 
be connected into nor 
ferrous fittings the pip 
should be extra heavy, o1 
at least, extra heavy ni 
ples should be placed 
each side of and in direct 
contact with the fittings 

8. In installations wher 
the pipe must be insulated 
every effort should 
made to provide a cot 
tinuous covering whi 
will prevent air fron 
reaching the pipe surtfac: 
The reason for this is t! 
where air gets beneath 1 
sulation, condensation ca! 
occur on the metal surfac: 
where it becomes acid du 
to absorption of atmos 
pheric gases and thereby 


causes rapid  corrosiot 


Wrought iron ‘piping at the Colgate-Palmolive-Peet Co. plant at Jeffersonville, Ind. Furthermore, insulatin: 


ting. In corrosive services the effects of corrosion 
may be noticed first at the joints, particularly if the 
threads are not fully engaged or if the joint is not tight 
due to improperly cut threads. 

Properly made joints increase both the durability 
and the strength of the piping installation. 

3. The ends of all threaded pipe should be thor- 
oughly reamed to eliminate burrs before the joint is 
made up. Burrs reduce the capacity of the pipe, cause 


From technical bulletin “Wrought Iron for Piping Systems,”’ published 


by A. M. Byers Co. 
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materials containing ac! 
producing compounds should be avoided. 

9. The use of excessive amounts of bowl cleane! 
particularly of the acid forming type, should be avoided 
in order to reduce the effect of corrosion in drainag' 
systems. 

10. When installing underground steam lines or othet 
lines subject to wide temperature variations and wher 
such lines are placed in protective conduit, provision 
should be made for venting the conduit so as to permit 
free air circulation during the periods when the line 1s 
not in use. Otherwise moisture from the air will con- 
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dense on the pipe surface where it will dissolve atmos- 
pleric gases, thereby becoming acid and causing ab- 
normal corrosion. The vents can be closed when the 
line is in service. 

11. Underground pipe lines that must pass through 
cinder fills, through soils contaminated with cinders or 
through soils containing appreciable amounts of sulphur 
compounds should be installed so that the soil water, 
which becomes acid through contact with sulphur com- 
pounds, can drain away from the pipe and thus mini- 
mize the effect of corrosion. 

A simple yet effective method of providing for drain- 
age is to place a 4 to 6 in. thick layer of crushed stone 
(preferably limestone, because it will neutralize the 
acid) along the bottom of the pipe trench. The pipe 
should be laid on this base and additional stone should 
then be placed on each side of the pipe until the pipe is 
at least half buried in the stone. 

As an added precaution, a heavy coat of lime mortar 
should be brushed on the top of the pipe or, in lieu of 
that, ordinary lime can be used. The pipe should then 
be covered and where possible soil free from cinders or 
other sulphur bearing material should be placed next 
to the top of the pipe. The balance of the fill can be 
made using excavated material taken from the pipe 


trench. 
12. Corrosion in the steam return lines of steam heat- 


ing or power systems can be reduced appreciably by 
employing several or all of the following suggestions, 
depending upon the primary source of the trouble. 

(a) Reduce the amount of oxygen and carbon di 
oxide carry-over from the boiler as much as possibl 
through proper treatment and deaeration of the boile: 
feed water. Most boiler water treatments are intended 
primarily to keep the boiler clean and free from corro 
sion and where serious corrosion is encountered in re 
turn lines supplementary treatment or deaeration may 
be necessary. 

(b) All joints in return lines operating under sub 
atmospheric pressures should be made air tight. 

(c) All horizontal return lines should be given suf 
ficient slope or pitch to permit rapid and complete drain 
age. 

(d) All low points or pockets in the lines where 
condensate can collect should be eliminated or properly 
trapped. Occasionally, the pipe supports are so placed 
as to cause low points in horizontal lines 

(e) Reaming of pipe ends to remove burrs is par 
ticularly important in condensate lines. 

(f{) Cold water injection into return lines ahead of 
vacuum pumps should be avoided wherever possible 

(g) Extra heavy nipples should be used in return 
lines. 





Dust Control System— 


[Concluded from p. 311] 


Chip traps are not used at our plant although they some- 
times are used to good advantage in preventing large 
granular pieces from getting into arrester systems. Many 
times, however, these chip traps have excessive pressure 
losses which are objectionable. 


Alterations and Expansions 


The usual method of laying out arrester piping is to 
add the area of the branch ducts which are to be used 
and make the main pipe 20 per cent larger than these 
combined areas. This will give a main pipe velocity 
83.4 per cent that of the branch ducts, which should be 
enough to convey the material. 

After a system is in operation it is often necessary to 
add branch piping because of plant expansion, which 
results in a change in the ratio of main pipe area to com- 
bined branch pipe area. Usually this can be done with 
good results up to the point where the combined area 
ot the branch piping equals the area of the main line, but 
beyond this there is a tendency for the velocity in the 
branch ducts to fall off rapidly. We have had to make 
additions to our system which have caused the main line 
area to be less than the combined branch duct areas 
(see Table 1); as yet we have experienced no trouble 
because of this. It is quite probable, however, that fur- 
ther additions would overburden the main pipe line to 
the point where excessive settling would take place. 
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Filter House Maintenance 


About 40 tons of dust are produced daily at our plant, 
and 95 per cent of this material passes a 200 mesh sieve 
The arrester system collects amounts varying from 2 to 
10 tons depending upon the wetness of the stone, hard 
ness of the rock, etc., the remainder being handled by the 
air separators. The large amount handled by the dust 
arrester at times makes it necessary to run the knocker 
or bag cleaner frequently in order to keep the resistance 
across the filters from building up too much. When the 
cloth filters were new their resistance was 1.5 to 2 in. of 
water. After they had been in operation for six months 
a reading showed 4 to 6 in. Since then the resistance has 
remained about 6 in. before and 3.75 to 4 in. after run 
ning the knocker. 

With these resistances the fan is operating against a 
total resistance of from 9 to 11 in. of water. The result- 
ing air volume handled at 1520 rpm should vary from 
21,380 to about 16,000 cfm according to the fan manu- 
facturer’s data. Actual measurement of the blower ex 
haust using the thermometer anemometer shows from 
23,600 to 19,500 cfm. 

We have found it necessary to make frequent inspec- 
tions inside the filter house so that broken filters and 
plugged hoppers can be discovered. It is a quite common 
occurrence for the hoppers under some sections of the 
filter house, and particularly under the classifier, to 
plug at the bottom. If this condition is allowed to con 
tinue for any length of time the dust will fill the hopper 
and the air space between those filters directly above 
the hopper, reducing the filter area tremendously. 
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Air Conditioning 


Takes to the Highways 


IR conditioning is taking to the highways to serve 

the automobile and bus passenger as it has the 

railroad patron. Elsewhere in this issue is de- 
scribed a completely air conditioned tourist camp, or 
motor court, in Arizona. And last month, two fleets of 
air conditioned buses were announced. 

Fig. 1 diagrams one of the new fleet of fifty 36 pas- 
senger air conditioned buses of Santa Fe Trailways for 
service between Chicago, St. Louis, Kansas City, Okla- 
homa and Kansas points, Colorado, and California. The 
refrigeration equipment—result of six years’ laboratory 
research and road tests—is suspended on rubber mount- 
ings beneath the floor. The air conditioning equipment 
is built into the top of the bus with motor and fans also 
suspended on rubber mounting. Outside air, drawn 
through openings on the roof, is filtered, cooled and 
dehumidified, or heated when the outside temperature 
is low. Each unit circulates approximately 1100 cfm 
of air to provide an air change every three minutes. 

Efficiency of the system was increased by insulating 
walls and roof with 1% in. of insulation and by covering 
the floor with a %_in. board of heat and cold proof 
material. The exterior of the bus is painted with sun 
glare repellent aluminum paint. 

The Interstate Transit Lines (Chicago and North 
Western Stages and Union Pacific Stages) have 
equipped 140 buses with year ’round air conditioning 
equipment for service between Chicago and Kansas City 
to the Pacific Coast. Fig. 2 illustrates assembly of the 
refrigerating unit. 

Inside temperature is regulated automatically by 


[Fig. 1 Carrier Corp. Fig. 2 courtesy Baker Ice Machine Co.] 


courtesy 


Fig. 1—Diagram of Santa Fe Trailways air conditioned bus 





Fig. 2—This unusual picture (above) shows the complete as- 
sembly process for the unit for the Interstate buses. At the 
right rear is the empty, tubular frame for the refrigerating 
power unit. Assembly proceeds step by step across the back 
row and up the front to show the completed unit at the right 
front. The lower view shows the unit in regular operating 
position; as soon as the demountable channel rails are removed 
and the door is closed, the bus will be all set to go places 


thermostatic control, and is kept approximately 15 

below outside temperature. Air circulation one 

the unique features of the system. Immediately beneat 

the steel roof of the bus is a false roof perforated 

thousands of tiny holes through which cool air ente1 
[Concluded on p. 318] 
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Figuring Solar Heat Gains of Buildings 


By William Goodman* 


N many buildings the solar heat gain is a substantial 

part of the total cooling load. In this article, a 

series of tables for estimating the probable solar 
heat gains of buildings is presented. In addition, the 
theory underlying the computation of these solar heat 
gains is given, as well as the derivation of the various 
equations required for the preparation of the tables. 


Radiant Energy and Heat 


Radiant energy—the energy received from the sun 
is not heat as we commonly know it. It does not mani- 
fest itself as heat until it falls upon an opaque object. 
A beam of sunlight can be focused through a lens made 
of ice upon a piece of paper which will burn. Yet the 
ice lens will not melt. Sunlight may shine through 
a window upon a dark surface which will become de- 
cidedly warm while the glass itself feels relatively cool. 
The radiant energy of a beam of sunlight is transformed 
into heat whenever the beam is intercepted by an opaque 
surface. Not all of the energy of the sunbeam will be 
converted into heat. If the surface is light in color and 
smooth in texture, much of the light will be reflected 
and only a small fraction of the energy of the beam will 
be retained by the surface as heat. On the other hand, 
if the surface is dark in 
color, little of the light 


sunbeam, They do not become heat as such until the \ 
are intercepted by a solid opaque surface; they are re 
flected by light colored or bright surfaces and absorbed 
and transformed into heat by dark surfaces. Therefore, 
for the purpose of this article, the visible and invisible 
portions of the solar spectrum may be treated as one 

When sunlight passes through a transparent substance: 
such as glass, a small amount of the solar energy is ab 
sorbed by the glass and transformed into heat. How 
ever, as is shown later, the amount absorbed is only 
a small fraction of the total energy impinging on the 
outside surface of the glass; most of this impinging 
solar radiation is either reflected back to the outdoors 
by the glass, or transmitted through it into the room 
The solar energy transmitted through the glass is not 
transformed into heat until the beam impinges on the 
opaque surfaces inside the room—floor, walls, and fur 
niture, 


Use of Tables for Windows and Skylights 


The solar heat transmitted through bare windows is 
tabulated in Sections A and B of Tables 1 to 82 Fac 
tors are given later for determining the reduction in 
solar heat due to shades or awnings. For each latitude, 
tables are given for both single and double glass 

In using these tables, 
the time of day at which 





will be reflected; prac- 


the heat gain is to be 


tically all of it will be Solar heat gain represents a substantial part of the computed and the direc 
absorbed by the surface total cooling load in many buildings. A series of tion in which the window 


and converted into heat. 

So far, sunlight has 
been spoken of as though 
it consisted only of vis- 
ible light—that is, light 


tables is presented here for estimating the solar heat 
gains of buildings, and use of the data is explained. 
..... The theory underlying the computation of 
solar heat gains, and the derivation of the equations 
upon which the tables are based, will also be given 


faces must be known 
Frequently the time of 
day at which solar heat 
gain is being figured is 
determined by the char 





that can be detected by [ ex 
the human eye. Much 
of the energy in sunlight 

: eae om INVISIBLE VISIBLE 
consists of “invisible LIGHT LIGHT 
light.” The eye responds 
to only a relatively nar- / 
row band of wave- 
lengths. Beyond _ the 
visible radiations in a 


ULTRA 
VIOLET 
- ee 


beam of sunlight lie the } 
infra-red rays—invisible f 
but nevertheless respon- IN 


sible for a large part of 
the heat produced by a 
beam of sunlight. The 
infra-red rays act in 
exactly the same way as 
the visible portion of the 
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acter of the installation 
For example, in a down 
> town restaurant doing 
a large luncheon busi 
ness, the total heat gain 
\ would be ordinarily 
\ figured at around noon 
\ or one o'’cloc k, thus de 


\ Tables 5-8 will appear with 


\ Curve illustrating approxi- 
\ mate distribution of energy 
according to wave length of 
. radiation. The total energy 
A of each band of wave lengths 
at) | is proportional to the area 
under each section of the 
curve. Judging from these 
areas, the total energy that 
can be converted into heat 
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a | is larger in the region of 
the invisible infra-red than 
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termining the time at which the solar heat gain should 
be figured. In other cases where all of the cooling load 
except the solar heat gain is steady throughout the day, 
the time of day is selected at which the sum of the solar 
heat gains through all of the various surfaces is a maxi- 
mum, This can be ascertained only by actually calculating 
the solar heat gain at various hours of the day. While 
this sounds rather formidable, a little experience will 
soon enable the user of these tables to select the time of 
day in one or, at the most, two trials. 

The solar heat gain through all the surfaces of a build- 
ing should be figured for the same hour. For example, 
if windows face both south and west, the solar heat 


gain through all the windows should be figured at 
same time of day. 

The time tabulated in Tables 1 to 8 is true solar ti: 
Usually solar time does not differ from standard ti, 
by more than about 30 minutes. For most purpos 
the values in the tables may be regarded as stand: 
time. If desired, standard time can easily be convert 
into solar time.* 

The values in the tables are not the actual total lh. 
gains through glass. As is shown later in spite of 
fact that sunlight is streaming through a bare wind 


“W. Bartky, “Highlights of Astronomy,” p. 36. 
Press. 
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Socar Heat Gains THroucH Winpows AaNnp SKYLIGHTS AND SOLAR TEMPERATURE DIFFERENCES 


Table 1—0 Degrees Latitude 


WINDOWS AND SKYLIGHTS 
Solar Heat Gain 
Btu per Sq Ft of Glass 





For WaLLts ano Roors 
Table 2 


WINDOWS AND SKYLIGHTS 
Solar Heat Gain 
Btu per Sq Ft of Glass 


-10 Degrees Latitude 
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he temperature of the glass may be so low that there difference between temperatures of outdoor and roon 


- still some conduction through the glass from the warm air. 


utdoor air. For this reason, the conduction heat gain All of the glass surfaces in a building can be figured 
-hould be added to the solar heat gain in order to find for the ordinary conduction heat gain as usual After 


the total heat gain through the glass. The conduction 
heat gain through a window, wall, or roof in the shade 
is figured by means of the following familiar equation : 

H.= AUD [iJ 


this has been done, the solar heat gain can be figured 
for only those windows through which the sun is shin 
ing at the time of day selected. The solar heat 
found by multiplying the values in the tables by th 
The time of day in the left-hand col 


Tables 1 to 8 is used 


gain 1s 

vhere area of the glass. 

H. = heat gain due to conduction through exposed surface, 
Btu per hr; 


umn of each of only with the direc 


the time of day in the right-hand 

column, only with the the bottom row 
Example 1: The bare, windows of a buildir 

located in a latitude of 


tions in the top row; 
A =area of exposed surface, sq ft; 


U= 


directions in 


overall coefficient of heat transfer, Btu per hr, single glass 


per 


sq ft, per degree Fahrenheit difference ; 10 deg face in the directions noted below 





Soran Heat Gains Turovucn Winpows Anp SKYLIGHTS AND Sotar Temperature DIFFERENCES 


Table 3 


WINDOWS AND SKYLIGHTS 
Solar Heat Gain 
per Sq Ft of Glass Btu 


ria ee 
£iass 


ror Watts ann Roors 


20 Degrees Latitude Table 4 


WINDOWS AND SKYLIGHTS 
Heat Gain 
Sq Ft of Glass 


30 Degrees Latitude 


Solar 
Btu per 


A Single 
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Find the solar heat gain through the windows. 
Windows in east wall: 175 sq ft. 
Windows in south wall: 350 sq ft. 
Windows in west wall: 250 sq ft. 

Solution: Inasmuch as the total area of the west and south 
windows is greater than the area of the east and south windows, 
the maximum solar heat gain will occur at some time during the 
afternoon. Therefore, try 3 p. m. Turning to Table 6A," at 
3 p. m. the solar heat gain through the south windows is 18 Btu 
per sq ft, and through the west windows, 170 Btu. The solar 
heat gain through the windows is: 

South, 350 * 18 = 6,300 Btu per hr 
West, 250 * 170 = 42,500 Btu per hr 





Total solar heat | _ 
through windows | ~ 
The amount of solar heat transmitted through a win- 


dow with shades or awnings can be computed by multi- 
plying the total solar heat gain through a bare window 
by the following factors which were obtained by round- 
ing off the experimentally obtained figures given in the 
A.S.H.V.E. “Guide 1938.” 


48,800 Btu per hr 


Light colored shades, half drawn......... 70 per cent 
Light colored shades, fully drawn...... .. 45 per cent 
Light colored venetian blinds............. 60 per cent 
PUES Bis RON og KEE i WKS 30 per cent 


Dark shades should be figured the same as bare win- 
dows. Little of the impinging radiation is either reflected 
or re-radiated through the glass from the dark surface. 


Direct sunlight should be excluded from condition: | 
rooms. Direct sunlight falling on people will cau 
discomfort even in a conditioned room. 

Example 2: Take the conditions of Example 1 and 
the solar heat gain through the windows if venetian blinds 
used. 

Solution: From Example 1, total solar heat gain throu 
bare windows at 3 p. m. = 48,800 Btu 

Total solar heat gain throvgh windows with  venet 
blinds = 0.6 * 48,800 = 29,280 Btu per hr. 


Although double glass is not common in air con 
tioned buildings, nevertheless it is being used to sor 
extent, particularly to avoid condensation of moistw 
on window panes during the winter months. The data 
in the B sections of the tables are useful for computi: 
the solar heat gains through double glass windows. 

When the rays of the sun are perpendicular to tly 
surface of a sloping skylight, the solar heat -gain throug! 
such a skylight will be greater than through either hori 
zontal or vertical glass. When the rays of the sun ar 
perpendicular to a glass surface inclined at 45 deg, : 
solar heat gain will be about 40 per cent greater tha: 
through vertical glass facing in the same direction (| 
cos 45 = 1.4). 

The use of the tables for computing the solar heat 
gains through walls and roofs will be discussed next 
month. 


[To be continued] 





to the Highways— 
[Concluded from p. 314] 


the coach, changing the air every three minutes. When 
the air reaches the floor, it is removed through vents. 

The system consists of four principal units—the air 
conditioning refrigeration power unit, the condenser, the 
cooling unit and the master control station. The self 
powered, automatically controlled air conditioning unit 
is self contained and consists of a framework of welded 
aeroplane tubing incorporating a light weight, moderate 
speed, four cylinder compressor complete with self 
starter, governor, and generator linked by multiple V 
belts. 

This assembly is mounted on rubber tired wheels to 
eliminate road shock and to permit the unit to be with- 
drawn on demountable channels for inspection. Flexible 
connections make possible inspection of the entire unit 
while in actual operation, and the unit can be removed 
altogether when cold weather arrives. The condenser 
is of the evaporative type. A separate water supply 
tank is used. 

The generator supplies power for the condenser fan 
and pump motor, as well as the fan for engine radiator 
cooling. A control panel mounts necessary controllers, 
starting switches, high pressure cut-out, oil and tempera- 
ture gages, etc. 

Cooling units were designed to take the least possible 
space in the ceiling of the bus, since maximum head 
room must be maintained. They are mounted in the 
rear, where outside air is brought from grilles in the 
front of the bus. Air is forced into the space above the 
false ceiling by scroll type fans with power from the 
lighting batteries. Returning air reaches the cooling 
unit through grilles in the ceiling at the rear of the bus. 
Two filters are used, one for dust and one for odors. 
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Control of the system is from the driver’s master con- 
trol station at the front of the bus where both visible 
and audible signals indicate its functioning. An auto 
matic load control is provided to automatically increas: 
the capacity of the refrigerating unit under increasing 
heat loads. A selector control insures proper sequenc: 
of all functions of the unit during starting and stopping 
of it. 





Preventing Occupational Disease 

Two hundred industrial concerns support the resear 
and studies of the Air Hygiene Foundation for the pr 
vention of occupational disease, H. B. Meller, managing 
director, announced recently. During 1937, six states 
passed laws compensating workmen for occupational dis 
eases, he pointed out. Twenty-one states and the Dis 
trict of Columbia now have such laws, and eight othe 
states are considering enacting this legislation. In th 
next few years all of the industrial states will probabl) 
have passed laws for this purpose. We must seek ways 
and means of stringently curbing or controlling indust: 
diseases, says Mr. Meller. Otherwise industry and th 
community may be burdened with mounting compensa 
tion costs, to say nothing of the loss in earning and buy 
ing power of the affected workman and his dependents 

Continuing its efforts to aid prevention of silicosis, 
the U. S. department of labor is releasing a motion pi 
ture depicting the harmful effects of the disease and th 
methods by which it may be prevented. Entitled “Th 
Story of Silicosis,” it is being produced under the direc 
tion of R. Campbell Starr, secretary of the National 
Silicosis Conference and a labor department staff mem 


ber. 
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Hot Water System of Advantage in 
eeting Plant Heating Requirements 


By Samuel R. Lewis* 


N the summer of 1935 we were called on to inspect 
and report on the heating for a large group of build- 
ings for the American Manganese Steel Co. at 
Chicago Heights, Ill. The plant includes foundries with 
sand preparation departments, a large pattern shop with 
an extensive storage building for patterns, machine 
shops, shipping building, and many small detached and 
semi-detached auxiliary buildings such as shop offices, 
laboratories, etc. 
Part of the plant had been heated by direct steam, with 





The author—a leading exponent of the use of water 
as a heat conveyor in heating or cooling— illustrates 
the advantages this kind of system offers in many 
types of industrial plants . . . The system described 
is an overhead forced circulation high temperature 
layout using unit heaters under automatic control. 
The rather unconventional procedure of circulating 
the water directly through the boilers was adopted, 
and the boilers have additional tubes in what would 
normally be the steam space 





return mains buried in the ground. Many of the radia- 
tors and pipe coils were poorly graded due to having 
been changed from time to time because of additions and 
alterations in the machinery and building structures. 
The major foundry buildings were unheated except for 
open salamanders burning coke. The old boiler plant 
was completely worn out, especially because the avail- 
able deep well water carries a heavy percentage of pre- 
cipitable solids. 

A first consideration in the design of the new heat- 
ing plant was the elimination of any heating system 
pipes buried underground where the inevitable corrosion 
eventually would destroy them. Another reason for 
eliminating the underground pipes was that all floors 
in the foundries are of dirt and are constantly being 
wetted ; also, the heavy castings occasionally are dropped 
—none too gently—by the crane men, which would 
damage buried piping. 

The main buildings all are lofty and all are served 
by long-span traveling cranes. There is no space, there- 
fore, for conventional radiators or pipe coils close to the 
floor except along exterior walls, many of which are 
merely of corrugated steel, often temporary in nature and 
offering no protection to pipes or heaters. 

In order to reduce the smoke, water vapor and dust 
always present in a steel foundry, a large amount of 
Ventilation is required, using air from outdoors, with 
adequate provision for control of the temperature of the 


*C., 


Edit ulting Engineer. Member of Board of Consulting and Contributing 
ditor 
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entering air. If cold air from outdoors comes in contact 
with the hot moist air rising from the sand around a 
freshly poured casting, a dense fog will form. This con 
dition is objectionable because it obscures vision and 
slows down plant operations. 


High Temperature Hot Water Adopted 


These considerations of bad water, unfavorable floor 
and wall space conditions, and need for ventilation led 
to the adoption of an overhead forced circulation hig] 
temperature hot water heating system, using electric unit 
heaters of centrifugal fan type under automatic control 
Many of these heaters have air inlets from outdoors and 
are equipped with air filters for reducing the dust con 
centration inevitable in the recirculated air and even 
in the outdoor air near a heavy duty foundry. 

Water Circulated Directly Through Boilers 

Since there is no need for process steam, since th« 
water all can be recirculated, and since the water is un 
favorable for steam generation in any event, the rather 
unconventional procedure of circulating the water di 
rectly through the boilers was adopted The total load 
to heat the general plant to 50 F in 10 F 
(offices and toilets and lockers of course to 70 F) is 


weather 
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Fig. 1—General plan of heating system 
10,000,000 Btu per hour. 
horizontal return tubular boilers were installed, and 
space was allowed for a probable future third similar 
Additional tubes were installed in what normally 
is the steam space above the water line, which increased 
the heating surface by about 10 per cent. 

The boilers are suspended, each with 8 ft between 
the bottom of the shell and the floor of the combustion 
chamber. 
burning preheated No. 6 industrial fuel oil, using com- 
pressed air atomization, with a heat release of about 
11,000 Btu per hr per cu ft of combustion chamber 
volume. The usual safety devices and automatic con- 


Two 72X18’ 0” high pressure 


boiler. 


The combustion chambers are designed for 


319 























the need for make-up water is small. In or |e; 
to reduce as much as possible the fouling of |}, 
system with the magnesia-lime concentraté 

closed feed water heater is provided so that |) 



























































heating the water to its critical temperatur: 

: | ee | precipitation outside the boilers, much of 
§ ise ead aes F " 
P EE Z| debris is deposited before the water enters 
Ae gs 1] lian weil i eel eee oo 
. AS at || circulating system. The tube exteriors of 

$ rMANHoLE TES RY 4 ; 

PY Gs j heater can be cleaned occasionally and the | 
= Gg. Y interiors receive the generally clean wat 
4: iy y the boilers. 

: O. ie j Arrangement of Mains 

Burner Gs < y 


The flow mains drop from above the by 








Fig. 2—Sections through one of the boilers 


trols for the oil burners are provided, including “electric 
eyes” to insure stopping of the oil injection in case of 
ignition failure. The oil burning equipment is in dupli- 
cate. 

The two underground oil tanks have an interesting 
steel dome over the manholes and tank heater piping, 
permitting unusual ease of maintenance. The oil pre- 
heater in each tank comprises a seamless spiral pipe coil 
encircling the oil suction and return pipes, all arranged 
for easy removal from the tank through a special man- 
hole. Hot water from the general heating system is 
pumped through these tank heating coils and the oil 
is warmed very successfully by them. 


Boilers Have Special Baffles 


Since there was some question about the path of the 
pumped water from inlets to outlets of such large boilers, 
and some apprehension of short circuiting due to the 
very rapid water flow under mechanical circulation, each 
boiler was provided with a special interior baffle running 
from the bottom inlet at the rear end, to the front end. 
This baffle is in sections and easily can be removed from 
the boiler through the front head manhole. It causes the 
entering water to flow in a high velocity stream along 
the bottom of the shell above the hottest part of the fire, 
and to sweep up the sides of the boiler shell in thin 
high velocity streams. In operation this controlled and 
induced water circulation has proved effective and satis- 
factory. It seems (observation of course is difficult to 
prove) to induce a downward secondary water circula- 
through the 

betweén the 


tion 
spaces 


Fig. 3—Typical cross section 


into a concrete tunnel crossing a wide driv: 
and then rise so as to pass above all craneways 
The return mains parallel the flow mains wit! 
in the buildings, both almost always being 
above the unit heaters, pipe coils, radiators, etc., 
they serve. The return mains in the boiler hous: 
out of the tunnel and reach duplicate circulating pu 
of the centrifugal, direct connected type, which discharg 
the water through the boilers. One pump and one boik 
ordinarily serve the entire plant, since there is suc! 
wide range of possible water temperature and since ther 
is a considerable heat storage against sudden outsid 
temperature fluctuations. 

The expansion tank is of the pneumatic type, and t! 
entire water carrying system, including the boilers, cai 
operate, if necessary, at 100 Ib or more pressure, theore' 
ically permitting a water temperature as high as 330 | 
This of course is unnecessary, but a pressure of 50 Ib is 
common on very cold days, giving a water temperatur 
close to 300 F. Since the water mains are higher in mos 
cases than the heat transmitting surfaces, automatic ai 
venting is a simple and inexpensive process. Sinc« 
buildings are of variable height, the mains run up 
down as convenient, with of course adequate conside 
tion of venting and drainage problems. Whereve: 
mains cross below monitor windows where the insulati 
might become wet from rain or snow, the insulation has 
a waterproof jacket. 

Soon after the new plant went into service an una 
countable loss of water was observed. It developed that 
some of the workmen, discovering that hot water wa 
available by opening one of the drain valves for a | 
point in the system, were surreptitiously washing thei 
automobiles! It thus proved necessary to padlock 
accessible drainage valves. 


Fig. 4—Typical cross section 
through a machine shop 
























































tubes. Anyway, the through a foundry building 
water becomes as hot 
as desired, and the 2 
system apparently op- 
erates with economy Oursive 
and efficiency. ewe ‘f . = 
In such a_ large | aS pope ' | | 
lo? Waree i 
plant there is of BN fio? Warer Mas pot Fe etant Teaces st 
course some continual Unit Caawe Trac os | 
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Flexibility of System an Advantage 


The original design water temperatures being con- 
servative, it is possible with a hot water heating system 
§ this sort to “overload” the pipes to a considerable 
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Fig. 5—This gives some idea of the ver 
tical offsets in hot water flow and return 
mains practicable in a _ large plant 


extent simply by increasing the water temperature, pet 
mitting a wider spread between the outgoing and return 
ing currents. The remarkable flexibility of hot water 
circulation appears to be particularly fortunate in large 
industrial applications where alterations and additions 
constantly are being made. Exact maintenance of pipe 
and heater level or grade is of no particular consequence 


with a forced water system, and maintenance of traps, 
reducing valves and the like is eliminated. 

The absence in large main crane bays of return pipes 
along columns and under floors is a desirable featur 
Hot water unit heaters are no more trouble to maintain 
than steam unit heaters. Maintenance of unit heater fan 
bearings, electric motors and air filters in any large 
foundry is a serious item due to the abrasive dust, but 
on the other hand there are offsetting objecuions with 
any other type of heating system in such buildings 

It has been found, during non-freezing intermediat: 
seasons in the spring and fall, that the heat storing 
characteristic of hot water is favorable to long periods 
of non-operation, as overnight. A water system cools 
very slowly when the pumps and fans cease to operate, 
and the contraction and expansion strains on the piping 
system are gradual and rather gentle. These character 
istics are very favorable in the heating systems for larg: 
industrial plants. 

The outstanding reflection of many years’ experience 
in heating industrial buildings is the value to the owner 
of types of roof and wall construction which will resist 
heat transfer. In one recent survey it was clear thai th 
owner, who burned a costly fuel efficiently but wl 
thought he needed an increased heating system for a 
very large and tall factory room, was entirely mistake: 
since the same investment applied to insulate a concreté 


roof made a larger heating system unnecessary 


Check Charts for Air Conditioning Calculations 


By J. M. 


N connection with my duties as an air conditioning 

engineer for an electric power company, I have 

endeavored to reduce the work of checking air con- 
ditioning jobs to a simple routine procedure. The forms 
and charts to be presented here were prepared to provide 
a means of quickly checking computations to approximate 
slide rule accuracy, and to establish a procedure to serve 
as a guide for such calculations. 

Unless one is working with these computations quite 
regularly, the form of the work is likely to be forgotten, 
with the result that the work may become rather tedious. 
Furthermore, a simplified graphical form lends encour- 
agement to check smaller jobs and prospective jobs which 
time might not permit to make complete checks upon 
if one had to go through all the computations. 

The computations covered are those involving the sur 
vey, the breakdown of the heat gain, the volumes and 
psychrometric conditions of the various quantities of ait 
to be handled, including the saturation temperature of 
the air leaving the coils, amount of air to be passed 
through the coils, amount to be bypassed, and sensible 
and latent capacity checks. The computations bring one 
up to the point of actual selection of equipment. 

For the most part the charts are in nomographic or 
“alignment chart” form which, with the use of a straight 
edge and a hard, sharp pencil, permits the imme- 
diate solution of equations containing three variables 
when any two of them are known. Some use is also 


Air {Conditioning Engineer, Des Moines Electric Light Co. All rights 


reserve 
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made of straight linear conversion scales, for example 
watts to Btu per hr, cfm to cfh, etc. The arrangement 
of the charts is in logical sequence so that each value is 
computed as required for the next step. 

The range of the scales is such that jobs up to 50 tons 
or more can be handled with single computations 

The calibrations of the conversion scales and nomo 
grams are arranged to enable reading quite closely to 
three significant figures, or slide rule accuracy, and it 
was considered to be in the interest of consistency to 
maintain the same relative accuracy in each computation 
No originality in material is claimed. These charts 
simply represent standard data put into graphical form 

The Comfort Cooling Survey Analysis (presented on 
the following page) is designed to show a complete 
breakdown of the heat gain along with a complete con 
sideration of all design conditions. Two gain columns 
are provided, 4 and B. As noted, the A column is for 
analysis of the maximum outside high dry bulb condi 
tion. The PB column is for analysis of the maximum 
outside humidity, mild dry bulb condition. It is well 
to check the requirements for both conditions before 
making selection of equipment, and then to pick equip 
ment that will meet both sets of conditions. 

The “guide sheet” serves as an index to the charts and 
as a form for filling in values computed from the charts. 

The other charts and tables in this series will follow 


in order in future issues. 
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Drips and Drains for 
igh Pressure Piping 


By Walter Swanson* and J. W. Hieronymust 





Here's a practical discussion of methods of draining 
and dripping high pressure, high temperature steam 
piping. The problem of trapping and dripping high 
pressure lines is somewhat different from that en- 
countered in connection with low pressure systems. 
. . » The authors are familiar with several recent 
installations, base their conclusions on the practices 
followed on them 








erties of high pressure drainage equipment, and then it 
Steam trap on 650 Ib line illustrating good application to piping systems. The first item of this 
layout. Note bleed off line to atmosphere above PI pipmg _* 
valves and test cock on discharge of trap 


equipment to be considered is the steam trap itself, and 


then the valves used in the connection thereof 


RAINAGE of condensate from high pressure, Construction of High Pressure Drainage Equipment 

high temperature steam piping offers a some- 

what different problem from that encountered 
with low pressure steam—particularly low pressure 
steam having little or no superheat. In addition to the 
physical properties required of drainage equipment for 
use with high pressure steam, application of the equip- 
ment is not subject to the wide range in selection and 
location of similar equipment used on low pressure sys- 
tems. Use of a steam trap in high pressure work in 
some cases is not only a waste of money, but would be 


For high pressure, high temperature work the tray 
body should be of forged steel of the proper A. S. M. | 
specifications for the pressures and temperatures in 
volved. All internal parts except the valve and seats 
should be of at least 18-8 stainless steel, and no “white 
metal” should be used in the trap. The valve and seat 
should be of chrome steel alloy heat treated to a hard 
ness of not less than 52-C Rockwell. However, car: 
should be exercised that the relative hardness of th 


P ; valve and seat s » suc : vy W it seize 
a source of considerable maintenance trouble and ex- valve and seat should be such that they will not seiz 


The recommended difference of hardness between the 


pense, 

On the other hand, due to high velocity, traps are 
most important to protect pressure reducing valves, 
throttle valves, and similar equipment as well as the 
actual machinery to which the steam piping is con- 
nected. Accordingly, the drainage of condensate of high 
pressure steam requires more serious consideration than 
is ordinarily given to low pressure steam systems. A 
thorough and systematic drainage system well repays the 
study involved. 

By high pressure we refer, for the purposes of this 
discussion, to steam having a gage pressure of 450 Ib or 
over and a total temperature of 750 F or higher. The 
practice followed in this particular range should also 
lap over into the field of lower pressures where steam 
having considerable superheat is used. In fact, it would 
be wise from the standpoint of safety and of maintenance 
costs to apply high pressure drainage practice to steam 
having a total temperature of 450 F regardless of the 
pressure, 

First let us consider the construction or physical prop- 


valve and seat is not less than five on the Rockwell “C” 
scale. 

This, of course, is general valve practice for high pres 
sure, high temperature work and has been found neces 
sary to overcome seizing of valve and seat when thes« 
two are of identical metals and identical hardness. Seiz 
ing and galling refer to the condition of the valve and 
seat after the valve has been closed tight, and, due to 
the high temperature and the pressure of the valve on 
the seat, these two parts become practically “welded” 
together—not entirely, but sufficiently so that when th 
valve is reopened, a portion or sliver of the one will 
adhere to the other. 

The gaskets used should be of soft iron, we b 
lieve, having a hardness of not more than 90 Brinell and 
as uniform as possible with no hard spots which may 
tend to allow the joint to be pulled up tighter where the 
softer areas of the gasket are causing an uneven joint. 
Soft iron gaskets are advised because this material has 
about the same expansion characteristics as the pipe 


an metal, and is not affected by the heat as much as some 


“Sargent and Lundy, Inc., Consulting Engineers. . a 
+Barrett-Christic Co. other materials. 
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The bolts and studs used to assemble high pressure 
traps should possess the tensile strength and elastic 
limit suitable for the total pressures exerted on the area 
of the flange or cap they are holding. The bolts or studs 
should have a continuous thread, as the conventional 
method of threading in which there are only the threads 
necessary for the nut with the remaining portion of the 
stud the full diameter of the stock may cause loosening 
due to unequal expansion. 

When the trap size, (that is, the nominal size of the 
inlet and outlet pipe connections) increases to the point 
where the general specification for piping calls for 
flanged fittings, it is recommended that the trap be so 
designed as to have the flanges an integral part of the 
trap body with the female flange on the inlet and the 
male flange on the discharge side. 

The trap should be of simple and substantial con 
struction with as few moving parts as possible, and these 
parts should be readily accessible. 


Trap Capacity 


The matter of trap capacity brings us more into the 
application of the trap than its design. However, if the 
amount of condensate to be handled by the trap will be 
consistently a definite and large amount, a straight 
through orifice will be satisfactory. But, if the quantity 
is likely to be small and at irregular intervals, it seems 
advisable to supply the trap with an orifice (valve and 
seat) which has the characteristics of a pop safety valve 
in order to insure positive, intermittent discharge in- 
stead of the semi-continuous (dribble) discharge of the 
straight-through orifice under extremely light load. The 
semi-continuous discharge of a straight-through orifice 
under very light loads subjects the valve and seat of the 
trap to wire drawing, resulting in short life and frequent 
replacement of parts. By using a restricted or double 
seated orifice, which in one type is so constructed that 
the hemispherical valve contacts the larger outer seat 
but does not quite touch the inner seat, a back pressure 
will be created, because the condensate cannot pass be- 
tween the restricted orifice and Valve as fast as it enters 
through the outer seat. This back pressure counteracts 
the pressure holding the valve to its seat, reducing the 
effective pressure and allowing the weight of the bucket 
to pull the valve wide open. 


Valves for Trap Installations 


The valves used. in connection with the installation 
of the trap, and those used as drains, should be built 
of the same material as the trap, the body being of forged 
steel, with stainless steel trim except the valve and seat 
which should be an alloy heat treated to a hardness of 
about 52-C Rockwell. The preceding remarks on seiz- 
ing apply as well in this case. Some difficulty has been 
encountered where the valve seat is screwed into the 
body ; a slight loosening of this joint has allowed steam 
to leak through between the valve seat and body, which 
soon cuts a considerable path for itself, causes a heavy 
steam loss, and ruins the valve body. To overcome this, 
for high pressure work a valve having a seat welded 
into the body so that this seat becomes practically an 
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integral part of the valve body should be used, we 
lieve. 
Condensation in Piping 


The use of high temperatures practically elimina 
the need of steam traps for the purpose of taking « 
of condensate due to radiation from the piping and equ 
ment, for what little condensate may occur due to ra: 
tion from exposed parts of shut-off valves, etc., will 
re-evaporated when entering the steam main. Althou 
this reason for traps is less important in high press: 
than in low pressure work, the need of a trap in a |} 
pressure line for the removal of condensate created d 
ing the heating up period is even greater than in a | 
pressure system. Condensation will occur in superheat 
steam lines when the piping system is being war 
up, or when velocities are materially reduced. Beca: 
of the weight of the pipe used in high pressure instal 
tions and the high temperature to which it must 
heated, the trap must have a capacity which will eas 
take care of this load and protect the equipment in 
line. 

Unfortunately, comparatively little is known about 1 
flow of condensate in high velocity steam mains. | 
possibility is that when the steam first condenses, 
to contact with the relatively cooler walls of the pipe, 
forms a film of water all around the interior surfac« 
the pipe. As the film thickness increases, most of 
water flows to the bottom of the pipe to form a ti 
stream of condensate. 

In spite of the high velocity of the steam, the sn 
trickle of condensate at the bottom of the pipe moy 
rather slowly because of the friction between the p 
and the water. However, as the depth of the strear 
increases, the relative friction decreases, and the trick! 
of condensate accelerates in With increas 
depth, too, waves will form on the surface of the « 
further 


speed. 


densate stream and still increase its spe 


Heavy duty compound traps at Waukegan Station 
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Details of drips and drains for a high pressure header 


Should these waves attain a size such as to partially o1 
wholly block the passage of steam, trouble will result. 
Therefore, it becomes evident that it is 
drip the steam lines and remove this condensate before 


necessary to 


it becomes a serious hazard. 

Where the piping layout governs the location of the 
drips because of change of elevation of portions of the 
piping system, or because of valve locations, or because 
equipment is to be protected, the problem then is only 
to figure the amount of condensate to be handled. But 
where the pipe runs may be several hundred feet in 
length, with no definite reason for dripping at any par- 
ticular points, it is usually advisable to install traps at 
intervals of approximately 400 to 500 ft. This spac- 
ing will depend considerably, of course, upon the actual 
piping layout. 


Protecting Valves 


Shut-off valves in a piping system should be placed, 
when practicable, at the highest point in the leads be- 
tween the boiler and the main header. A drip should, 
of course, be provided just ahead of a turbine throttle 
valve. It should be remembered that changes in the 
location of a line may occur due to expansion of the 
piping. Consequently, it is desirable to investigate the 
longer lines for the effect of thermal expansion on the 
pitch of a line. Proper cutting short of vertical pipe 
lines will avoid forming pockets which will collect con- 
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The fc hc yw ing 


steam that is actually condensed in bringing the 


from room tem- 
perature up to 
approximate 
steam tempera 


ture, and also 
reduces that 
quantity of 
steam to an 
hourly 


flow : 


rate of 


C = Hourly rate of 
flow of con- 

densate, lb; 

W = total weight 
of pipe in- 
volved, Ib; 

T.; = initial tem- 
perature of 


pipe, F; 
IT, = final te m- 
perature of 

pipe, F; 
Above —Forged 


steel trap installed 
ahead of steam 
valve that is nor- 
mally closed and 
operated fre 
quently. Below 

Flanged steel trap 
installed with by- 
pass and test valve 


Pitch of high 


steam piping should be in the direc 


densate. pressure 
at all possible, 
the 
positive 


tion of steam flow if 
and gravity drainage to trap is 


desirable to secure drainagt 


Selecting Trap Capacity 
Traps should be selected in ac 
cordance with their water handling 
capacity rather than by the size ol 
the inlet and outlet connections. Th: 
capacity of any trap in pounds ol 
water discharged per hour depends 
upon the effective 
trap inlet and the net area of the dis 


pressure at th 
charge valve opening. By “effective 
pressure” is meant the difference be 
tween the inlet the trap 
and the pressure in the discharge line 


pressure at 


from the trap, which is composed ot 
the actual 
discharge line plus the pressure du 


pressure existing in the 


to the static head of water which may 
exist in this line. 

A single trap may be used to han 
dle more than one drip, provided the 
drips are so grouped that they ar 
at approximately the same pressure 
Of course, valving in this case should 
be given careful consideration 
the amount of 


pips 


formula determines 





g A 
— 
7 4 
Toten Te 
‘sip? Ty 
2 S—/ 


























Check valve, ,Desuperheater 


7 PRY. < 





ee 


a_ pilot 
charges 


trap « 
against 
piston operated p 











Super heater é 
































W.R Unit 




















{ , ‘tite TT a rie 
a] compound son me fi. 





pet valve giy 
ings “aK — practically a strai 
7 blow through for 
. condensate. 


a Piping Code 
Requirements 








Perhaps the w! 
conception of t 
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be clarified by re! 
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Boiler feed purnps 


extracts from 
“Code for Pressur: 
Piping” 

118b. Drip lines fr 








steam headers, mai 
separators, and othe: 
equipment shall be pr 


erly drained with 








HP. Drain Header -—j 


traps installed in access 








(A// traps and drains discharge into this header ) 


© Denotes double vaived drain. ible locations and bel 





the level of the appara 





Schematic diagram showing typical practice for high pressure piping 


L = latent heat of steam at final temperature; 

0.114 = specific heat of steel pipe; 

Heating up period: The time in minutes allowed to bring 
the pipe temperature up to steam temperature, which is 
left to the discretion of the engineer in charge, usually 
being about six to ten minutes. 

W X (T;-T:) X 0.114 X 60 
C= ——— 
Lx < (Heating up period) 





It is recommended that the trap to handle this warm- 
ing up load should have a continuous discharge capacity 
somewhat in excess of that obtained by the above for- 
mula, a safety factor of 114:1 being advisable. 

Protection from Boiler Priming 


The foregoing pertains only to the trapping of steam 
mains to protect the piping system in general, pressure 
reducing valves, throttle valves, and similar equipment 
from the regular and expected condensate load. In ad- 
dition to this, it is often advisable to add a heavy duty 
wr high capacity trap at the boiler to protect the equip- 
ment from the heavy surges due to boiler priming, or to 
drain separators which are installed where priming is 
encountered. The trap body, mechanism, valve and seat 
should follow the specifications given previously for drip 
traps but the trap should have capacities of 30,000 Ib 
per hr and higher according to the steam generating ca- 
pacity of the boiler. (As an example of capacities re- 
quired for this service, an installation recently made in a 
central station required a 150,000 Ib per hr trap ca- 
pacity for a boiler capacity of 1,000,000 Ib per hr. A 
450,000 Ib per hr industrial boiler installation required 
a 40,000 Ib per hr trap capacity). 

These traps are frequently of the compound type where 
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tus drained, if practi 
able. All 
shall be 
drip valves for fre 
blow to the atmospher: 
mains, separators, 


drain lin 
provided wit! 


118c. Drip lines from steam headers, 
other equipment operating at different pressures shall not lb 
connected to discharge through the same trap. Where two 
more drips discharge into the same trap, a check valve and 
stop valve shall be placed in each line. Where several traps 
discharge into one header under pressure, or 
under pressure, a stop valve and a check valve shall be plac 
in the discharge line from each trap. 


Double Valved Drains 


which may 


Ordinarily when equipment is constantly operating 
and shutdowns are infrequent, traps are not provid 
for draining valves above the seats or at low points « 
the lines, but double valved drain lines discharging t 
the condensate return system are provided. Thess 
double valved drains are used only during the “heating 
up” period ; after the system has reached the temperature 
where no more condensate is produced, the valves ar 
closed and remain closed until such time when the sys 
tem is reheated after a shutdown. The small amounts 
of heat recovery would not in these cases pay for 
cost of trap installations and have practically no efile: 
on the ultimate heat balance. 

The double valving is necessary to insure positiv 
closing of these drain lines, being used in the same man 
ner and for the same purpose as blow-off valves. 





The Manufacturers Standardization Society of th 
Valve and Fittings Industry, 420 Lexington Ave., New 
York, N. Y., has adopted Addendum No. 1 to SP-25 
1936 which provides for standard marking of ring join! 
gaskets and flanges and also supplies a standard servic: 
symbol for air. This expands the application of tl 
M. S. S. standard marking system for valves, fittings 


flanges, and unions. 
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rative Condenser,” by William Goodman, published in 
HeATING, Prpinc AND Atr CONDITIONING, March, 1938, pp. 165- 


8, and April, 1938, pp. 


Hees Cond. are the appendices for the article “The Evapo- 


255-258. 


wd ws 


Appendix 1—Derivation of Equation 1 
The total heat transferred from the water to the air, while 
the air is flowing past an infinitesimal area of wetted condenser 
surface, dA, is given by the following formula’: 


le 
di = — 
0.24 


-{1] 


where A is the enthalpy of the 


the element of area dA. But 
Se 5 Wl SUN OOS arc na 80 ae ood ea adidodventaaks [2] 
Therefore, 
le 
Gdh — [he PS RRL AA ee re eS ere [3] 
0.24 
by dh 
— = Rect orc nar tes sees wee [4] 
he Is 0.24G 


Inasmuch as the temperature of the spray water is constant, 
hy is also constant. Integrating equation [4] between the limits 


h=h, and hz, and A=0 and A yields 


he —hy fA 
Li ie - ——— i Cgc ee eeeeesececeecesee [5] 
he — hz 0.24G 
Let 
fA 
I iit ne whens pee ed aks aes Ss [6] 
0.24G 
Therefore, 
he — hy 
Loge — | EPR SA Oe Prk PUR, rea ame [7] 
he —hz 


But the change in enthalpy of the air flowing through the con- 
denser is 


H = G (h—h) 


Eliminating fA. between equations [7] and [8], the following 


is obtained : 


FAT = G Choma) (2 — Ee) on cccccccccescces [9] 
where ¢ = base of natural logarithms. 
Let 
oe ER eer cc a added canageonuwesca [10] 


Substituting [10] into [9] results in equation [1] of the text. 
Table 1 was prepared by means of equation [10] above. 

‘oolman, W., 
p. 249. 


Refrigerating Engineering, October, 1936, Appendix 1, 


Appendix 2—Derivation of Method for Determining Temper- 
ature of Spray Water by Means of Fig. 2 and Equation 3 
Inasmuch as the temperature of the condensing refrigerant 

and the temperature of the spray water are theoretically con- 

stant throughout the condenser, the temperature of the metal 

surface of the coil must also be constant throughout. The tem- 

perature of the metal surface must be at a point between the 

temperature of the condensing vapor and the temperature of the 

spray water. 

The heat transferred from the condensing refrigerant to the 
wall of the metal tube is 

A 

H = fa (ta—tea) — 

B 


*The Trane Co. Member of Board of Consulting and Contributing Editors 
Copyright, 1938, by William Goodman. 
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The Evaporative Condenser 


By William Goodman* 





and 
H = fe (ts w)A 
where } 
ts; <= temperature of the inside surface of the metal tube; 

t,o = temperature of the outside surface of the metal tubx 
Inasmuch as the metal wall of the tube is thin and its cor 
ductivity comparatively high, the resistance of the metal wall 
to the flow of heat is negligible. Hence, the temperatures of 


the inside and outside surfaces of the metal will be 


equal. Therefore, if ts: 


[1] and [2], yielding 


1 B 
fe fr 


} , ’ I}, 
substantially 


tso, they may be eliminated between 


| (tr—tw) A 


Let 
1 1 f 
4 [4 
fe fs 
Substituting [4] into [3] results in 
H U (t2ra—tw) A 
which is equation [4] of the text. 
Dividing equation [1] of the text by i] as ve il 
yields 
G (Aw —hy) Z 
1: — [6] 
l (tr tw) A 
or, 
tr tw ty 
he —hy il 
Let 
GZ 
N [s 
UA 


This is equation [3] of the text. 


rherefore, 
tr—te 


he — hy 


For any constant value of N, 


[9] 


this is the equation of a straight 


line on a chart whose abscissa is water temperature and whose 


ordinate is the enthalpy of 
the air. Fig. 2 was prepared 


in this way. The enthalpy 
values are not shown on Fig 
2; instead, values of wet 
bulb temperature correspond- 
ing to the enthalpy of satu- 
used for 


rated air were 


simplicity in solving prob- 


lems. The curve in Fig. 2 


was obtained by plotting 
values of the enthalpy of sat- 
urated air against dry bulb 
temperature. Referring to 
the skeleton chart in Fig. A, 
CB 
= tan 9 
AB 


Length of line CB is, 


CB = Ss (tr 


[10] 








Similarly, length of line AB is, 
AEE Bh Ge Sl Mae oii nc vackewipus ccwecsdi [12] 
where 
Sa = scale of abscissa, inches per degree Fahrenheit ; 
So == scale of ordinate, inches per Btu. 
Dividing [11] by [12], 
CB Sa (tr — tw) 


AB 8» (he —In) 
Substituting [10] into [13], 


ten —te So 
—_——. = NH oink bc bie reas evasion [14] 
he—h Sa 


. [13] 


Fig. 2 was so drawn that — = 1. 


Equating [9] and [14], 
DP Ro or eu tube tena yaacdkanedkenen [15] 
Table 2 was prepared by means of this equation. 
Appendix 3—Derivation of Equation 6 
As is evident in Fig. 6, the temperature of the spray water 
becomes less as G increases; it approaches a limiting value when 





G = infinity. Equation [3] cannot be used to find the angle @ 
when G = infinity, because for this condition equation [3] re- 
duces to N = c e 0, which is indeterminate. Therefore, it is 
necessary to find the equation of N for the condition when G = 
infinity. 
Equation [3] of the text is 
GZ 
BT ee a in vc ate cn geke Mea ene bianca [1] 
UA 


Substituting equations [6] and [10] of appendix 1, equation 
[1] can be written in the following form: 


r _ GA 
| ¥ are | 
‘ty é ‘ ; 
No [2] 
x YA 
CG 
The limiting value of N when G = infinity is found by the 


well-known method of differentiating the numerator and denomi- 
nator separately with respect to G, yielding 


(£4) £6) [LZ 
tlle et6 | 


+ — [3] 


1 

The factor af = | eliminated by cancellation, as it appears 
G 

in both the numerator and denominator. 


When G = infinity and N = Nz, [3] above reduces to 


fe 





This is equation [6] of the text. 


Appendix 4—Proof that the Condition of the Air Flowi:,; 
Through an Evaporative Condenser Can Be Represented 
by a Straight Line on a Psychrometric Chart 
The total weight of moisture evaporated from the spray wa 
while the air is flowing past an infinitesimal area of wetted c 

denser surface, dA, is given by the following formula’: 


fe 
Gdw = — [tw —w) dA .....cccccccceeess 
0.24 


or, 


— —_— aA ae dA Terre eee eee ee ee ee 
0.24G 
where 

w — absolute humidity of the air at the instant it pas 
over the element of area, dA. 
absolute humidity of saturated air at a temperatur: 
equal to the temperature of the spray water. 

Inasmuch as the temperature of the spray water is constant, 
ww is also constant. Integrating [2] between the limits w— 


Ww 


and w.:, and A = 0 and A yields, 
Ww — WW {<A 
Loge —————_- = —— 
Ww — We 0.24G 


Equating this equation to [5] of appendix 1 and taking antilos 
arithms, yields 


Ww — Tr he —h 
= — { 
Ww -— TW, he omnes h: 
or 
Ww —— U4 Ww —— TH 


he —h, he — hz 


This is evidently the equa- 
tion of a straight line on a 
whose 


water 
Tew 


psychrometric chart 
coordinates are enthalpy and 
absolute humidity, as in Fig. 
B. It makes- no difference 
whether the angle between 
the ordinate and the abscissa 
is a right angle or an acute 
angle. Inclining the enthalpy 
lines as in Fig. B results in 
a chart that has the appear- 
ance of the familiar psychro- 
metric chart with the lines 
of dry bulb temperature al- 








most vertical. 


*Keevil and Lewis, IJndustrial end Engineering Chemistry, October 
1928, p. 1058. 





Fuel Management 


[“A Critical Analysis of the Fuel Management Program for 
Schools,” by Ashley. M. McCullough, 1st ed. 1937. 141 +4 viii 
pp., 6x9 in. clothbound. Published by the Bureau of Publi- 
cations, Teachers College, Columbia University, New York, 
N, Y. Price, $1.85.] 

4This publication reviews in detail the problem of purchasing 
fiéel for schools and managing its use—a subject of prime im- 
portance to school administrations, for “the annual purchase of 
fuel entails the largest expenditure for a single supply made by 
the school system of the nation.” 
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Program for Schools 


In his introduction, the author discusses previous studies co! 
cerning fuel, sets up the problem, and outlines the purpose and 
scope of his study. He then proceeds with chapters describing 
the methods of investigation used, validity of the basic requir 
ments, an analysis of the fuel management program in eight 
selected New Jersey cities, and the present status of the fue! 
management program in certain U. S. cities. He then presents 
a fuel management program for any school system and concludes 
with a chapter on applications and recommendations. 

A useful bibliography of 4% pages is included. 
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HE welding used in a piping 


system can be divided into 
three general classes, butt 
welds, fillet welds, and branch or 


intersection welds. The latter type 
isa combination of the butt and fillet 


W elds. 


Butt Welds 


The butt weld is the easiest form 
of weld to make and at the same time 
produce a joint with the same fac- 
tor of safety as the parts joined. The 
ends to be welded should preferably 
be machined in order to produce a 
smooth and uniform welding groove. 
When cut with a gas cutting torch, 
should be ground or 
otherwise smoothed to prevent slag 


the surfaces 


inclusions and lack of fusion in the 
finished weld. 


The various’ wall thicknesses 
should be prepared as shown in 
Fig. 1. 


High pressure lines should be pre 
fabricated in a shop in units that can 
be shipped and handled, and all welds 
to be made at the site of erection 
should be limited to butt welds, pref- 
erably with the pipe in a horizontal 
Advantages of shop pre- 
fabrication are due to the trained per- 


position 


sonnel available, equipment especially 
designed for pipe fabrication, and the 
use of special machines and welding 
operators continuously employed for 
high pressure fabrication. 

welds made at 
after 
welding, it is thought that some form 
of backing ring is necessary to prevent 


Inasmuch as most 


the site cannot be cleaned out 


the introduction into the lines of smail 
These beads adhere 
to the inside of the pipe for a time 


beads of metal. 


and later loosen up and may cause se- 
rious damage to valves, turbine blad- 
ing and other equipment. Designs 
of high pressure butt joints using 
backing rings are shown in Figs. 2-8. 

In shop fabrication this is not nec- 
essary, as the various assemblies can 
be cleaned out with machine cleaning 


are now in use for pipes of diameter 
can pass around a curve with a radius equal to three 
Pipe units that have Phe 


times the diameter of the pipe. 


been stress relieved are cleaned by this method to re 
move tight scale and foreign matter that may be burned 
to the pipe wall during the bending or stress relieving 


operations. 


Backing Up Rings 


Our experience, covering a period of over 15 vears of 
research in high pressure welded connections, has led us 


"Vice-President, Midwest Piping and Supply Co., 
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wheels. 
s up to 20 in. and 


Shop prefabrication of large header showing 


ported by the rollers in the foreground and revolved by a machine so that the we 

downward position, the perator controlling the revolving machine by a foot erate swit 
Note that the saddles are slipped up on the branch pipes The saddk 

left off as it would interfere with the pressure w It ts put on later ir 


Design and Fabrication 
of High Pressure 


High ‘Temperature 
Welded Piping 





F. C. Fantz* discusses here the various types of welds used in 
the fabrication of high pressure and high temperature piping, 
and gives special attention to the design of backing up rings, 
and branch and intersection welds . . . This information has 
been taken from the paper presented by Mr. Fantz at the recent 
Western Regional Conference of the American Welding Society 








welding of branch connections The work is su 








Turbines to the following conclusions concerning backing up ring 
Chey should not be heavy enough to cause chillis 

layer of deposited metal 

inside diameter of the pipe and the ring shoul 1 

chined to a close fit This will prevent ar iow and lacl 

fusion so common when the ring does not fit close 


The ring and pipe end should be tapered to insure eas\ 


*} 
bly and to center the ring in the joint: also to con 
variations in inside diameter of mating sections 

The ring should be solid and not split 

The inside diameter of pipe should not be restricted more tl 
2 per cent 
fusion must be obtained betwee 


Thorough 


pipe and ring 









TABLE 1 


TABLE 2 


TABLE 3 





BACKING RING FOR BUTT WELOS IN 


HIGH PRESSURE E HIGH TEMPERATURE SERVICE 
Recommended for Wall Thicknesses.§00°E Greater 





BACKING RING FOR BUTT WELDS /N 


HIGH PRESSURE E HIGH TEMPERA TURE SERVICE 
Recommended for Wall Thicknesses .500°E Greater 
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Full strength based on pipe wall thickness must be maintained 
after welding. 

The preparation of the ring and tube ends should not be ex- 
pensive, and should not require special machines to produce. 


Tables 1-3 show the design and dimensions of ring 
and pipe ends that we have tested and found to comply 
with the above requirements. 

The ring is grooved in the center to a width of '4 in. 
and 1/32 in. deep. This allows the 1/16 in. wide lip 
to extend over the groove 1/32 in. and enables the weld- 
ing operator to make perfect fusion of the pipe ends and 
ring without using excessive heat with the first layer. 

This design of backing is a result of research and ex- 
perimental work and is considered an improvement over 
the one shown in Fig. 8, as. no upsetting or flaring is re- 
quired on the pipe ends. 


Fillet Welds 


This type of weld is used in attaching slip-on and 
screwed flanges. The A.S.A. Code for Pressure Piping 
does not recommend slip-on flanges for over 300 lb work- 
ing pressure. Some of the oil refining companies are 
using this type of flange successfully for pressures as high 
as 900 Ib. However, it is thought that the butt welding 
flange can be applied with less distortion of the face and 
with less expense, all things considered. 

On small pipes the fillet weld is used as shown in Fig. 
9. The fillet weld is also used in attaching pedestals and 
supports for headers and elbows, anchors to pipe lines, 
and various reinforcing members for branch intersections. 


Branch and Intersection Welds 


The header or manifold of today is a combination of 
tubing and various welding fittings prefabricated by weld- 
ing in the shop. In some cases the valves are welded di- 
rect to the openings during fabrication and then made a 
part of the piping system by welding at the construction 
site. The design and execution of this type of weld is 
much more difficult than either the butt or fillet welds 
and should not be attempted in the field. 
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The three methods of making branch connections ha 
ing the widest use are shown in Figs. 10-13. 

The example of Fig. 11 is prepared for welding by 
serting the branch flush with the inside diameter of th 
The end of the branch changes from a squar 
The hole in 


header. 
cut at point 4 to a 60 deg bevel at point B. 
the header is also beveled. 

Fig. 12 shows that both the branch end and the hole 
in the header are beveled. Both methods require very 
careful layout and fitting in order to produce the prope: 
welding groove. 

What is thought to be a better method of preparation 
for a branch connection is shown by Fig. 13. In all 
cases when this method is used, the hole in the header is 
cut to dimensions of the inside diameter of the branc! 
and parallel to the side walls of the branch. This does 
not require an elaborate technique. The holes for small 
branches can be drilled or bored, the larger sizes cut with 
the torch (either manual or machine guided). Con 
siderably less material is removed from the header. 

The preparation of the branch pipe end is a true ce 
velopment of the intersection of cylinders and can be laid 
out on a template and transferred to the work or cut by 
a machine guided torch capable of developing this inter 
section. Such machines have been perfected and are now 
on the market. When the hand manipulated torch is 
used, it is held at a constant angle with relation to the 
axis of the pipe. This manipulation is not as difficult as 
in the methods previously described and can easily be 
handled by the average welding operator. 

It should be remembered that the easier it is made for 
the operator to prepare the connection and deposit the 
weld metal, the greater assurance there is of obtaining 
uniform good quality welds. 

When a section is cut out of a pipe and a branch is in 
serted, the strength of the original pipe is impaired to a 
degree depending upon the relation of size of branch to 
header, and the relation of wall thickness to the diameter 
of the header section. In the design of relatively short 
headers with many branches, it is common practice to 
make the header wall heavier than would be necessary if 
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no holes were cut, thus eliminating the need for addi 
tional reinforcing. 

When the wall thickness is based on pressure and tem- 
perature conditions, some form of reinforcing the branch 
connection is necessary. Where the branch pipe diameter 
js one-third, or less, than the diameter of the header, it 
is thought that the addition of weld metal properly ap- 
plied would act as a reinforcing ring. As the size of the 
branch increases in relation to the diameter of the header, 
additional reinforcing is required. 

As the design approaches size on size (12 in. branch 
toa 14 in. header), the flat portion at B, Fig. 10, must be 
considered. The increased cross-sectional area at this 
point concentrates a greater strain at point 4; and if 
pressure is raised to the bursting point, rupture will al- 
ways occur at this point. The use of gussets or flat ribs 
between the branch and header have not proved satis- 
factory and have been replaced with a ring or saddle. 


Fig. 1—Methods of preparing various wall thicknesses for butt 
welding 
Fig. 2—High pressure butt joint using backing ring. T = pipe 
wall thickness. Upset generally T plus 25 per cent. Note 
spacing at A to allow shrinkage of weld. Easily assembled due 
to tapered ring. Full inside diameter maintained. Expensive 
to upset and machine 
Fig. 3—High pressure butt joint using backing ring. Pipe ends 
not upset. Full strength maintained. Difficult to assemble due 
te straight ring and non-uniform inside diameter of pipe. Flow 
restricted by reduced inside diameter 
Fig. 4—High pressure butt joint using backing ring. Full 
strength maintained. Difficult to assemble. Difficult to make 
close fit between pipe and ring 
Fig. 5—High pressure butt joint using backing ring. Full 


Above — Example of 
branch connections re- 
inforced with saddles. 
The connection in the 
side of the welding ell 
has a saddle shaped to 
fit the ell... . Belou 

Method of provid- 
ing a base for a 12 in. 
ell and riser pipe 





The ring type 
can be made with- 
out the use of dies 
and can be cut 
and _ rolled or 
shaped to the 
header in the 
held. For this rea 





son the ring type 


strength maintained. Diffieult to assemble. Difficult to make 
close fit between pipe and ring 

Fig. 6—No backing ring. No space between pipe ends before 

welding. Full strength maintained. Difficult to line up. Re- 

quires extreme care in depositing first layer of weld 

Fig. 7—Note upset of pipe ends to inside. Appearance of Fig. 6 

after welding. Slight opening at inside not considered detri- 

mental, as it is not a crack with sharp edges and has very little 

chance of causing progressive fracture 

Fig. 8—Note groove cut in ring and extension of pipe ends over 

groove. Ends of pipe flared and upset. Full strength main- 

tained. Easy to line up and assemble. Easy to obtain thorough 

fusion at bottom of groove and ring. Flare and upset is expen- 

sive to make and machine, although less than that of Fig. 2 
Fig. 9—Fillet weld for small pipes 
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Figs. 10, 11, 12 and 13—Methods of making branch connections 





Fig. 14—Ring plate type reinforcement. Note that flat portion C 
is not reinforced 
Fig. 15—Saddle type reinforcement. Flat portion C is reinforced 
Table 4—Reinforcing Saddle Sizes is advocated by 
—a—ecememen ES 86 GRSINOETS. 
NoMINAI NOMINAI Sen Pic. 16 Howev ; 
SIZE oF Heaper | | we ~ were fr, retn- 
Nozze Sizes | A | B ( R torcing saddles 
2 2 tom) 1%/1%) BI % can be obtained 
24 2'/, to 24 1', 1% Vy ve » ' . 
3 3 to24| 1%] 2 “4 Vy trom stock of sev- 
$Y 34, to24 | 1% | 2 Bl % ; 
{ $ tom|2 | 2 “Zl % eral manufactur- 
5 5 tom%|2 | 2 yz} 3 : . 
a | 6 to2s}2%/2%| Yl & ers in the sizes 
to 24 | : r f aa Soret 
2 > oi 31, 3' +a given in Table 4. 
12 12 to2m%}4 | 4 Be | 1M% The ena ¢ » 
140.D. | 14 tod] 4 ' i 1 1% Phe cost of the 
16O.D. | 16 toms) 4 | 4 oe | 1% finished assembly 
isO.D. | 18 to24] 4 1 a 1 1 ; 
200.D. | 20 tom} 5 | 5 4 1 1% will compare very 
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favorably with the 
ring plate type. 

The ring portion of the saddle not only supports the 
flat section of the connection, but it also tends to relieve 
the weld of concentrated strains set up by movement 
of the connecting branch line caused by expansion and 
contraction, or so-called “hammer shock.” 

Where the ring or saddle is applied to assemblies 
which are to be later stress relieved or annealed, a small 
hole should be drilled through the reinforcing member 
to relieve pressure that may build up due to expansion 
of entrapped air or gas. Serious deformations have been 
observed in large diameter pipes when this precaution 
was not taken. 
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by the ring section of the saddle which encircles the branch 

Fig. 16—Reinforcing saddle sizes. See Table 4 for dimensions 

Figs. 17 and 18—Branch connections made by welding two o: 
more branches into a welding head 


Another design of branch connection that is proving 
quite successful for high pressure and temperatures is 
made by welding two or more branches into a welding 
head. The head should be of heavier wall material 
to compensate for the reduction in strength of the open 
ings. Two examples are shown in Figs. 17 and 18. 

The author fully realizes that there may be other ce 
signs and methods of welding that will meet the desired 
requirements, and this paper is given with the hope that 
it will at least bring out some new points and raise som 
questions that will in the long run help to advance t! 
art of welding. 





Building Holds Key to Prosperity 
The building industry holds the key to 
prosperity, and the accumulated demand for new con- 
struction is a challenge to the advertising and sales brains 
of America, James G. Caffrey, president of Build Amer 
ica, told the New York Executives Club at the Biltmor: 
Hotel last month. “Private construction, private!) 
financed,” Mr. Caffrey said, “is essential to the rehabili 
tation of the industry, and the success and rapidity with 
which this end is realized will be measured by the intelli- 
gent effort of manufacturers and distributors and the 
cooperation they receive from governmental agencies. 
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President, 
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Semi-Annual Meeting 1938 


All members are invited to attend the Summer Meet. 
ing at The Homestead, Hot Springs, Va., June 20-22. 
See program details page 357. 


Chicago Adopts Society Standards 


The Code of Minimum Requirements for Com- 
fort Air Conditioning prepared by the joint com- 
mittee of the AMERICAN Society oF HEATING AND 
VENTILATING ENGINEERS and the American Society 
of Refrigerating Engineers has been adopted by 
the general advisory group of the Chicago Com- 
mittee on Air Conditioning in lieu of the Stan- 
dards previously prepared by them. 

It was agreed at a meeting of the Technical 
Committee of this organization on April 14, 1938 
that the code shall be reprinted and distributed 
for general Chicago use, including an explanatory 
supplement cross-indexed to THe Guipe and con- 
densed on one sheet for insertion in the code. 
The supplement contains additional requirements 
applying to local conditions. It is the intention 
to revise and reprint this supplement every year. 


* * * 
Members’ Cooperation Requested 


The attention of members is called to the provisions 
of the Society’s By-Laws which relate to the endorsement 
of Candidates for membership. Those who sign mem- 
bership applications as Proposers and Seconders should 
be personally acquainted with the Candidate and should 
have a thorough knowledge of his engineering ability. 
The Committee on Admission and Advancement requires 
authoritative data from those with whom he is closely 
associated in his work, and it is obviously unfair to 
the applicant, to the Society, and to the endorsers if 
slightly or totally unknown individuals are proposed 
for membership. 

The applicant for membership seeks admission into 
the Society and the grade of membership is conferred 
upon him in accordance with his qualifications, and 
the Committee on Admission and Advancement can 
only base its judgment upon the written statements sub- 
mitted by the Candidate and the supporting data of his 
Proposers and Seconders. 

The cooperation of all members will be appreciated 
by the Committee on Admission and Advancement to 
advance the growth and prestige of the A.S.H.V.E. 











ST. LOUIS: Organized, 1918. Headquarters, St. Louis, Mo 
Meets, First Tuesday in Month. President, G. W. F. Myers, 3947 
W. Pine Blvd. Secretary, D. J. Fagin, 1344 Woodruff Ave. 

SOUTHERN CALIFORNIA: Organized, 1930, Headquarter 
Los Angeles, Calif. Meets, Second Tuesday in Month. Preside 
E. H, Kenpaty, 1978 S. Los Angeles St. Secretary, J. F. Park 
1234 South Grand. 

TEXAS:. Organised, 1936. Headquarters, College Station, 
Texas. President, R. F. Tayior, 909 Banker’s Mortgage Bldg., 
Houston, Tex. Secretary, W. H. Bavcert, Texas Engrg. x 
periment Station, College Station, Tex. 

WASHINGTON, D. C.: Organised, 1935. Headquarters 
Washington, D. C. Meets, Second Wednesday in Month. Pres 
dent, L. Ourvsorr, 411 Tenth St., N. W. Secretary, L. F, No! 
DINE, Room 203, 734 Jackson Pl., N. W. 

WISCONSIN: Organised, 1922. Headquarters, Milwauke: 
Wis. Meets, Third Monday in Month. President, J. H. Vous 
1906 W. St. Paul Ave. Secretary, H. C. Frenrzet, 3000 \ 
Montana St. 
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tudy of Summer Cooling in the Research 
Residence Using a Small Capacity 
Mechanical Condensing Unit 


(Part 1) 


Konzo**, 


By A. P. Kratz* 


M. K. Fahnestock***, and E. L. 


Broderick} (MEMBERS) 


Urbana, Il. 


This paper is the result of research sponsored by the AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS in cooperation with the National Warm 
Air Heating and Air Conditioning Association and the University of Illinois. 


HE previous investigations in summer cooling in 

the Research Residence during the summers of 

1932 to 1936 inclusive made use of central cool- 
ing plants of approximately 30,000 Btu per hour ca- 
pacity, employing either ice, mechanical refrigeration, 
or cold water. The investigation for the summer of 
1937 was undertaken to determine the temperature and 
humidity conditions that could be maintained in the Re- 
search Residence with a mechanical condensing unit hav- 
ing a capacity approximately 40 per cent less than the 
30,000 Btu per hour previously used; particularly when 
such cooling was supplemented by the circulation of out- 
door air through the house at night, and when approxi- 
mately one air change per hour of outdoor air was used 
for the purpose of ventilation during the day. 

In the first series of tests (Series 1-37) made during 
the summer of 1937, cooled air was distributed to the 
rooms on both the first and second stories when the in- 
door air conditions were such that cooling was required. 
However, in the secord series of tests (Series 2-37) 
the cooled air was delivered only to the rooms on the 
first story during the daytime, and only to the rooms 
on the second story after 6:30 p. m 


Description of the Research Residence and 
Cooling Equipment 


The Research Residence together with the forced-air 
heating system has been described in a previous paper.’ 
For the purpose of this investigation the Residence was 
equipped with awnings at all east, south, and west win- 
dows, and the sunroom was isolated from the rest of 
the house by closing the doors leading into the dining 
room. The entire third story was regarded as an attic 
and during the daytime was isolated from the rest of 
the house by closing the door at the head of the stairs. 
The attic windows, however, were opened to provide 
ventilation in the attic both day and night. The total 
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space cooled amounted to 14,170 cu ft. Unless other 


wise specified, the state of the Residence was the same 
as that during previous summers. 

With the exception that the duct leading to the kitchen 
register was connected to the south trunk duct which 
supplied air to the first story rooms only, the arrange 
ment of the forced-air duct system and fan was prac 
tically the same as that used in previous summers. For 
the first series of tests (Series 1-37), in which both the 
first and second story rooms were cooled at the same 
time, the dampers in the ducts to the first and second 
stories were adjusted to maintain the proper balance 
between the amounts of air required for cooling on 
these two stories. For the second series of tests (Series 
2-37), in which the first story rooms were cooled until 
6:30 p. m., and the second story rooms were cooled 
after 6:30 p. m., a damper arrangement was installed 
in the bonnet of the furnace casing so that the circulat 
ing air could be distributed either entirely through the 
registers on the first story or entirely through the reg 
isters on the second story. 

The arrangement of the cooling plant is shown in 
Fig. 1. The condensing unit was self contained and con 
sisted of a water-cooled shell and finned coil condenser 
receiver, and a two-cylinder motor-driven compressor. 
Cooling was accomplished by direct expansion of dichloro 
difluoromethane in an evaporator placed in a by-pass 
in the central cold air return duct. The evaporator, or 
consisted of finned copper tubing placed 
in the direction of air flow and nine 


cooling coil, 
two rows deep 
rows high measured along the vertical axis of the air 
duct. The tubes were 3% in. outside diameter and had 
fins, eight to the inch, which were continuous strips of 
sheet metal extending from the top row to the bottom 
row of tubes. The evaporator as installed in the duct 
was 1454 in. high and 20% in. wide, and the gross, or 
face, area presented to the flow of air was 2.07 sq ft, 
while the net, or free, area was 1.02 sq ft. The nom- 
inal capacity of the condenser and evaporator units un- 
der the conditions of actual operation at a compressor 
speed of 255 rpm, with return refrigerant temperature 
of 55 F, inlet water temperature of 59 F, ambient air 
temperature of 74 F, and with an air velocity of approxi 
mately 479 fpm across the 2.07 sq ft of face area, was 
16,300 Btu per hour. 


337 








LeGEND 
roils em- 
The cont OB -Ory Bulb Temperature 
ployed consisted of = W&=Wet Bulb Temperature 


a< Thermocouple 
l" - Thermometer 
} fe Recording 


a thermostatic ex- 
pansion valve hav- 












































Aecircuklated Air 
Latet ite Stair 




















































































ing the thermo- Thermometer Venrurr Secrion ano fan For VENTILATING AiR SUPPLY 
static bulb clamped inal tintaiit tia 
to the suction line TEE 
near the junction f\ 
. » 
with the evapora- S 
tor; apres oH re : : : oe 
“rat ‘ t : cued eae TT} £9 — 
operated water |§ | ‘cams G "Openng | 4, Mued 
control valve, used 3 | for Might Aur WE Warm Air Ventilating 
a_* . : Aur Tplet - See 
to regulate the E Slide Damper Out Detail a” 
flow o f wa ter in Place for Night Cooling Water 
Air Cooling iia sake Sn 
through the con- igte Abani tidied Water Merer 
denser ; and a room trom Air Sf Condensing Unit 
thermostat, located e Scale ane The) 
. Furnace 
in the hall on the — 8 Casing } ah 
ain " Basement dia 
second story. 
second story. The | | ja 
latter served to Se Oe ow TR - 2 © aru Aer ben Sey y (28k 2 ewe BE TS. y~ => >s 7. eT _s rea] 
start and stop the . : : : P : ‘ 
7 I Fig. 1—Diagram of cooling plant with mechanical refrigeration 
compressor in ac- 
cordance with the 
cooling load required to maintain constant room tem- neath and adjacent to the heat-flow meters could be 
perature. obtained. 


The cooling coil was installed in a by-pass in the cen- 
tral return duct, as shown in Fig. 1. For the summer 
work, the duct was blocked at B and C, and all of the 
air delivered to the fan in the forced-air system passed 
through the cooling coil when the air in the house was 
being recirculated, For the purpose of providing out- 
door air for cooling during the night, a slide damper, E, 
was placed in the by-pass on the outlet side of the coil, 
and a door, G, was placed in the recirculating duct on the 
down-stream side of the slide damper. When outdoor air 
basement door and the door, G, in the 
recirculating duct were opened, and the slide damper, E, 
was closed. The fan in the forced-air system delivered 
approximately 1000 cfm of air when recirculating the 
air in the house and 2220 cfm when using outdoor air 
at night. These air volumes were based on an air 
density of 0.075 lb per cubic foot. Outdoor air, for 
the purpose of ventilation during the day, was provided 
by means of the duct shown as Detail A in Fig. 1. 

The study of the heat flow through exposed west and 
north walls was made in the northwest bedroom of the 
Research Residence. Two Nicholls heat-flow meters? 
were installed, one on the west wall and one on the 
north wall, with the centers at an approximate height 
of 33 in. above the floor. The wall section consists of 
lap siding, building -paper, sheathing, studding space, 
wood lath and plaster with rough sand finish. The co- 
efficient of heat transmission for this uninsulated wall 
section is 0.25 Btu per square foot per hour per degree 
Fahrenheit, at a wind velocity of 15 mph. A thin felt 
pad was placed over the plaster wall and the heat- 
flow meter was fitted tightly against the felt pad by 
means of a wooden frame, as shown in Fig. 2. A com- 
plete set of 17 thermocouples, in addition to those incor- 
porated in the heat-flow meters, was installed so that 
air temperatures and surface temperatures both under- 


was required, the 


2Measuring Heat Transmission in Building Structures and a Heat 
Transmission Meter, by P. Nicholls (A.S.H.V.E. Transactions, Vol. 30, 
1924, pp. 65-104). 
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Method of Conducting Tests 


Continuous records were made during the summer of 
air temperatures in the various parts of the house and 
in the different sections of the duct system. A com 
plete description of the measurements which were made 
has been given in a previous report.® 

During the periods of operation, observations wer: 
made of the weight of water circulated through the con 
denser, the temperatures of the water entering and leay 
ing both the condensing unit and the house, the head 
and suction pressures, and the electrical inputs to th 
compressor and fan motors. 

During all of the tests the windows in the attic re 
mained open and those on the first story remained closed 
For the purpose of cooling with outdoor air at night, 
the attic door and 11 windows on the second story wer: 
opened in the evening when the effective temperature 
outdoors became equal to the effective temperature in- 
doors. The dampers were set and the basement door 
opened, so that the fan delivered outdoor air through 
the duct system until 7 a.m. The fan delivery was 2220 
cfm or 9.4 air changes per hour. The windows and 
doors were closed at 7 a. m. and the dampers were 
changed so that the fan started delivering recirculated 
air and the outdoor air admitted for ventilation. The 
former was equivalent to 3.2 recirculations of the air 
in the house and the latter was equivalent to one air 
change per hour, making a total of 4.2 air changes per 
hour delivered by the fan. The fan was allowed to 
run continuously during the day and night. 

In the first series of tests, which has been designated 
as Series 1-37, when the effective temperature of the 
indoor air on the second story rose to about 75 deg 
*Study of Summer Cooling in the Research Residence Using Wate: 
from the City Water Mains, by A. P. Kratz, <. Fahnestock, 5 


Konzo, and E. L. Broderick (A.S.H.V.E. TRANSACTIONS, Vol. 1936 
p. 193). 
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Fig. 2—Heat-flow meter installation on north wall 


giving an average of approximately 74.5 deg for both 
stories, the condensing unit was started, and cooled air 
was distributed to the rooms on both stories. At the 
start of the test, when the relative humidity indoors was 
from 60 to 75 per cent, the corresponding dry-bulb 
temperature was from 79 to 78 F. The cooling plant 
was allowed to operate intermittently with the thermostat 
set to maintain approximately 78 F. However, the heat 
absorbing capacity of the unit was so small that when 
the rooms on both stories were being cooled the plant 
operated practically continuously until the time when 
cooling with outdoor air at night was started. 

In the second series of tests, designated as Series 2-37, 
the recirculated air was distributed only to the first story 
rooms after 7 a. m., and the condensing unit was operated 
intermittently, maintaining an effective temperature of 
about 74 deg until 6:30 p.m. At that time the dampers 
were set so that all of the cooled air was distributed 
only to the second story rooms. Cooling with outdoor 
air at night was started when the effective temperature 
outdoors became equal to the effective temperature of 
the second story rooms. 

Temperatures and heat flow measurements at the heat- 
flow meter installation were made at regular intervals, 
both day and night, for a period of 29 days. The data 
were plotted on a continuous chart and this chart was 
used as a hasis for the analysis of results. 
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Results of Tests with Simultaneous Cooling on 
Both Stories 


General Conditions 





The operating characteristics of the cooling plant and 
a comparison of the actual and calculated cooling loads 
for the house can best be illustrated by the results ob 
tained on a typical day. 
on September 1, 1937 was selected as typical of t 
operation obtained when the rooms on both stories were 


For this purpose the test made 


he 


cooled (Series 1-37), and the results are shown in the 
first column of Table 1 and in Fig. 3. 
from all the tests are given in Table 2. 

On the day which was selected as being typical for 


General results 


the tests made under conditions of operation for Series 
1-37, the outdoor temperature was 89.3 F at 2 p. m. and 
reached a maximum of 91.0 F at 4 p.m. In this con 
nection it is of interest to note that the maximum out 
door dry-bulb temperature for the entire season of 1937 
was 95 F. The season was considerably cooler than 
the previous summer season, which was the hottest sum 
mer occurring in Urbana, IIl., since the year 1888, when 
the local Station of the U. S. 
established. 


Weather Bureau was 


The air conditions at different locations are given in 
Items 5 to 15 of Table 1. The temperature of the 
cooled air leaving the registers was approximately 72.0 
F. The rise in temperature of the air passing through 
the furnace casing and ducts was 3.3 F. 

The cooling studies made during previous summers‘ 
had indicated that complete temperature traverses in 
the duct on both sides of the coil were required in order 
to obtain the proper corrections to be applied to the 
averages of the temperatures obtained from the wet- and 
dry-bulb thermometers at the two reading stations on 
each side of the coil. The distribution between the sensi 
ble and latent heat loads, as shown in Item 22, Table 1, 
was obtained by using the corrected values for the dry- 
bulb temperatures, and by multiplying the weighed 
amount of condensation from the coil by a constant rep 
resenting the heat given up by the change in moisture 
content of the air per pound of water vapor condensed. 
The value of the constant amounted to 1050 Btu pert 
pound of vapor condensed. 


Operating Characteristics 


The operating characteristics with cooled air supplied 
to the rooms on both stories are shown in Fig. 3. The 
second story windows had been open during the night 
previous to this test from 9:15 p. m. to 7 a. m., and 
outdoor air had been circulated by means of the base- 
ment fan. On this test the condensing unit operated 
intermittently from 9:07 a. m. to 11:30 a. m., and con 
tinuously from 11:30 a. m. to 10:07 p. m. maintaining 
the dry-bulb temperature between 77.0 F and 79.5 F. 

At the start of the test at 9:07 a. m. the indoor re- 
lative humidity was 80 per cent and the indoor effec- 
tive temperature was 75.5 deg. After the condensing 
unit had operated for about an hour the relative humidity 
decreased to 70 per cent with an accompanying effective 
temperature of 73.6 deg. However, during the off-period 
of the cooling unit both the relative humidity and ef- 


*Loc cit. Note 3. 











Table 1—Typical Operating Data and Results Obtained With Small-Sized Condensing Unit on August 17, and September 1, |) 37 














1. Date 9-1-3237 8-17-37 8-17-37 
De, eal dara aXe o-oo oi 25 19 19 
3. Series... .. 1-37 2-37 2-37 
SG. Witeen EB, oe oc on cs cb kwon 2:00 p.m 3:30 p.m 7:30 p.m. 
5. Outdoor Air 
Dry-Bulb, F.. . 89 3 92.8 80.3 
Wet-Bulb, F.. id : 74.3 75.8 71.3 
Dew-Point, F.. 68 2 69.1 67.5 
Relative Humidity, per cent 50.0 46.0 65.0 
Specific Humidity, grains per 
pound dry air 103 8 107.0 101 2 
6. Indoor Air, average breathing level 
temp. 
Ist Story, F.... 78 4 78.1 79 14. 
2nd Story, F.... 78.1 83.0 81°0 
7. Indoor Air, average at breathing 
level Both Stories Ist St. 2nd St. 
Dry-Bulb, F 78 .2 78.1 81.0 
Wet-Bulb, F.... 69 0 66.7 68.8 
Dew-Point, F 64 6 60 7 63.0 
Relative Humidity, per cent 62.9 55.0 4.0 
Specific Humidity, grains per 
pound dry air : 91.6 79 6 86.0 
8. Indoor Air, entering return grille 
Dry-Bulb, F.. 78.0 76.6 79 2 
Wet-Bulb, F 69.0 68.1 68.8 
Dew-Point, F “48 63.9 63.8 
Relative Humidity, per cent 64.0 648 59.0 
Specific Humidity, grains per 
pound dry air 92.1 89 .2 88.8 
9. Ventilating Air 
Dry-Bulb, F.. ; 88.1 90.1 79.9 
Wet-Bulb, F ' 75.1 74.1 72.7 
Dew-Point, F 69.9 67.4 69 7 
Relative Humidity, per cent 55.0 47 5 71.0 
Specific Humidity, grains per 
pound dry air.. 110 4 101.0 109 6 
10. Mixed Air, entering cooling coil 
Dry-Bulb, F.. 79.8 79.5 78.7 
Wet- Bulb. P.. 70.2 69 7 69.4 
Dew-Point, F 66.0 65.2 65.1 
Relative Humidity, per cent 62.5 61.5 63.0 
Specific Humidity, grains per 
pound dry air..... 95.8 93.4 93 .2 
11. Mixed Air, leaving rane coil 
Dry-Bulb, F.. , 68.7 67.2 67 3 
Wet-Bulb, F 64.5 62.8 63.4 
Dew-Point, F ; 62.3 60 3 61.2 
Relative Humidity, per cent 82.0 78.5 81.0 
Specific Humidity, grains per 
pound dry air 84.2 78.4 81.2 
12. Air Temp. drop through cooling coil, 
Wee . 11.1 12.3 11.4 
13. Temp. cooled air leaving registers, 
average, F ; 72.0 70.5 72.0 
14. Air Temp. rise in ducts and casing, F 3.3 3.3 4.7 
15. Base ment Air ) ae at breathing 
level, 74.2 | 74.8 74.2 




















16. Ouaniity, of of air through wet coil Both Stories Ist St 2nd § 
c feet per minute . ia 978 916 O58 
Pounds per hour......... 4,400 4,120 4,310 
Density of air, onmerey per cubic 
feet..... 0.075 0.075 0 
17. Number of air recirculations per hour 4.1 7.8 8 
18. Ventilating Air 
Cubic feet per minute. . . 231 228 229 
Pounds per hour...... 1,040 1,026 1,032 
Density of air, pounds per cubic 
feet 0.075 0.075 0 
19. Cooling Coil 
Gross Face Area, square feet. 2 07 2 07 2 
Net Free Area, square feet. 1 02 1.02 I 
20. Air Velocity through Coil 
Gross Face, feet per minute. 473 443 163 
Free Area, feet per minute 959 898 940 
21. Moisture condensed from air, pounds 
per hour...... ‘ j 6.16 5.47 
22. Heat given up by air; total Btu per 
hour. . 18,190 17,900 18,050 
Heat due to moisture in air 
Btu per hour 6,470 5,740 6,250 
Per cent of total heat 35.5 32.0 34 
Sensible heat ; 
Btu per hour 11,720 12,160 11,800 
Per cent of total heat 64.5 68.0 65 4 
23. Water Temp. in condenser 
Inlet, 59 7 598 59 
Outlet, F 102 7 101.8 101 
Rise, F ; ‘ 43.0 42.0 i! 
24. Water Temp. in house 
Inlet, ; 59 5 59.6 59 5 
Outlet, F ; 102 .7 101.5 101.0 
Rise, F > 43.2 41.9 41 5 
25. Quantity of cooling water 
Pounds per hour : 448 442 451 
Gallons per hour..... 53.7 53.1 41 
26. Heat absorbed by cooling water, Btu 
per hour 
Through condenser 19,260 18,560 18,900 
Through house... 19,350 18,520 18,710 
27. Refrigerant pressures 
Suction pounds per square inch 40 39 40 
Discharge ee - square 
BeGieiecce 131 130 129 
28. Nominal Rating of condensing unit 
with 55 F return refrigerant, 59 F 
condensing water and 74 F am- 
bient air, Btu per hour 16,300 16,300 16,300 
29. Compressor aput, revolutions per 
minute... . 255 255 255 
30. Compressor Motor Data 
ize, horsepower 2 2 2 
Measured power rate, Kilowatt 1.37 1.34 1 34 
31. Fan Speed, revolutions per minute.. 451 151 151 
32. Fan Motor Data 
Size, horsepower. . a a i 
Measured power rate, Kilowatt 435 440 440 
; ‘ 








fective temperature increased to values of 75 per cent 
and 75.3 deg respectively. This alternate decrease and 
increase of relative humidity and effective temperature 
was characteristic of the intermittent operation of the 
cooling plant. This characteristic was also observed in 
the case of the previous plants that had been installed 
in the Research Residence. A more detailed discussion 
of this condition is presented in a later section of this 
paper. The indoor comfort conditions during the in- 
termittent periods of plant operation were on the upper 
border-line for comfort and could be regarded as rea- 
sonably satisfactory. 

When the plant operated continuously, as from 
11:30 a. m. to 10.07 p. m., the relative humidity stabil- 
ized at about 59 per cent, representing an effective tem- 
perature of 74 deg. The indoor conditions during these 
periods of continuous operation could be considered as 
entirely satisfactory. It is of interest to note that the 
minimum values of the indoor relative humidity that 
were maintained were approximately 10 to 15 per cent 
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greater than those maintained during the tests made 
in the season of 1934 with a condensing unit having a 
heat absorbing capacity of practically 30,000 Btu per 
hour. To the extent that a relative humidity of 45 per 
cent might possibly be considered as slightly more de 
sirable than a relative humidity of 59 per cent, even 
for the same effective temperature, the indoor condi 
tions maintained with the larger condensing unit ma) 
be considered as slightly more favorable than thos 
maintained with the smaller condensing unit. 

It may be noted that in order to maintain the same 
effective temperature a unit having a smaller capacity 
should be operated to maintain an indoor dry-bulb tem 
perature somewhat lower than that to be maintained 
with a unit having a larger capacity. This fact, together 
with the advisability of allowing for a rise in the indoor 
temperature on hot days when the cooling plant was in- 
sufficient in capacity to maintain a constant temperature, 
made it advisable to operate the smaller plant from a 
room thermostat which was set at approximately 78 
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Fig. 3—Actual and calculated cooling load on Residence and air temperatures. Test No. 25, Series 1-37, maximum indoor air 
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F rather than 80 F. The differences in the relative 
humidities that were obtained have been attributed partly 
to the difference in seasons, partly to the difference in 
the mean coil temperatures and partly to the difference 
in the depth of the coils in the two plants. A com- 
plete discussion of the observed relationship between 
the mean coil temperatures and the relative humidity 
in the house has been presented in a previous paper.® 


Limitations in Cooling Capacity 


The cooling capacity of 17,300 Btu per hour was 
found to be sufficient for days in which the maximum 
outdoor temperature rose to 95 F and the minimum 
outdoor temperature during the night preceding the 
test did not exceed 71 F. Since the summer season 
was relatively cool, no tests were obtainable under severe 
weather conditions in which the outdoor temperature ex- 
ceeded 95 F. From Fig. 3 it may be observed that 
during the period of continuous operation the indoor 
dry-bulb temperature gradually rose from a value of 
78.1 F at 1 p. m. to a value of 79.5 F at 6 p.m. The 
indoor effective temperature at 6 p. m. was 748 deg 
which was just on the border-line for comfort. It is 
probable that if the outdoor air had been materially 


hotter the rise in the indoor temperature would have 
"Study of Summer Cooling in the Research Residence Using Water 
at Temperatures of 52 F and 46 F, by A. P. Kratz, S. Konze, and 


E. L. Broderick (A.S.H.V.E. Journat Section, Heating, Piping and 
Air Conditicning, May and June 1937, pp. 319-327 and 391-400). 
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temperature of 81 F 

would result during the 
day, succeeding a night of operation with a given type 
of fan, if under upper limiting conditions a maximum 
outdoor temperature of 93.6 F was preceded by an 
outdoor minimum temperature of 62.0 F; and if 
under lower limiting conditions a maximum outdoor 
temperature of 83.6 F was preceded by an outdoor mini 
mum temperature of 71.0 F. The conditions 
could also be obtained with any maximum temperature 
lying between these limits when accompanied by a proper 
corresponding outdoor minimum temperature. It 
be noted from this example that the average of the 
maximum and minimum outdoor temperature, or the 
daily median temperature, required 
sult in the 81 F indoor air temperature was practically 
the same. This was also true of all of the daily median 
temperatures obtained from the intermediate 
tion of outdoor maximum and minimum temperatures 
required to result in this same indoor temperature, It 
is reasonable to expect, therefore, that the maximum in- 
door air temperature that is attained on a given day 
would bear some relation to the daily median tempera- 


same 


may 


each case to re- 


combina- 


ture, 

That such a relationship exists is shown by the data 
plotted in Fig. 4. These data were obtained during 
the summer of 1937 and show the maximum indoor tem- 


*Investigation of Summer Cooling in the Warm-Air Heating Research 
Residence, by A. P. Kratz, M. K. Fahnestock, and S. Konzo (University 
of Illinois Engineering Experiment Station Bulletin, No. 200, January 
1937, pp. 73-80 and Fig. 25). 
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Table 2—Complete Data and Results for Tests 






































WEATHER Data : TEMPERATURE 
Inpoor Arr CONDITIONS DIFFERENCE 
OvuTpoor AIR 

Date} Test | Series 5 ny Tora. pyunnee Swe. At ENp oF AVERAGE DURING 

1937 | No. No. ; SUNSHINE | MAxiMuM } MINIMUM REou ; * Periop Requirinc | Ourpoor | Avera 
se EQUIRING Nicut CooLinc ~ . 
In Hours TEMP. TEMP. COOLING CooLInG Max. To | Ovutpo 
MOTO TE, AND Durinc | Previous AVERAGE | To Ay 
MINUTES Test to Test INDOOR Inbox 
Anove| ABove F F Temp. | Hum. Temp. Hum. Temp. Hum. F ? 
85 F | 90F F PER F Per Cent F Per Cent 
CENT 

1 2 3 4 5 6 7 s 9 10 11 12 13 14 15 16 
7-6 1 la-—37 19.4 0 15:00 89.0 65.0 84.3 47.9 73 .7 71.0 79.5 0 9.5 48 
7-7 2 la~37 34.9 03 14:49 90 0 67.0 87.0 48.1 75.3 68.5 79.3 51.6 10.7 7.7 
7-8 3 la—37 19.0 0.1 7:15 90.0 75.0 86.4 50.2 76.4 69 6 78 7 58.9 11.3 77 
7-9 4 la~37 19.6 0 9:47 90.0 69.0 85.2 58.0 75.4 78.5 79.0 59 6 11.0 6.2 
7-10 5 la—37 45.1 4.0 13:07 91.0 70.0 87.9 56.8 77.1 79.4 79.4 58.0 11.6 8.5 
7-11 6 la~—37 11.5 0 13:07 86.0 71.0 844 63.2 77.8 75.5 79.2 59.3 6.8 5.2 
7-12 7 la—37 2.1 0 5:32 4.0 700 79.0 72.0 77.8 74.3 78.9 66: 5.1 0.1 
7-14 s 1-37 23 .6 0 14:28 88.0 0 86.0 66.9 76.4 87 3 79.6 65.0 8.4 6.4 
7-15 9 1-37 22.6 0 10:55 88 .0 73.0 86.1 62.6 78 .3 78 8 79 8 61.2 8.2 2.7 
7-16 10 1-37 25.6 0 11:18 89.0 72.0 86.2 58.4 78.0 78.1 79 7 50.9 9.3 6.5 
7-24 1! 1-37 16.6 0 7:58 88.0 67.0 85.9 57.8 75.0 70.5 78.6 59 9.4 7.3 
gH4 12 1-37 0.0 0 1:35 83.0 68.0 80.7 72.9 75.4 74.6 79.0 72.1 4.0 1.7 
S-6 13 1-37 1.0 0 11:48 85.0 68.0 82.5 58.8 73.8 68.3 78.5 60.0 6.5 10 
8-7 14 1-37 33.9 07 14:07 91.0 65.0 87.5 564 73.8 74.1 79.1 65.3 11.9 84 
8-9 15 1-37 0.6 0 6:46 88.0 68.0 83.3 60.7 76.1 81.8 78.8 61.4 92 4.5 
8-10 16 1-37 13.3 0 10:10 90.0 66.0 84.3 60.9 744 75.5 79.1 60 6 10.9 5.2 
8-11 17 1-37 35.6 0.6 9:40 91.0 70.0 87.8 58.0 76.5 77.0 79.7 62.0 11.3 8.1 
8-16 18 1-37 35.5 1.2 13:47 4.0 65.0 85.9 55.6 73.1 71.9 79 .2 60.5 48 67 
8-17 19 2-37 47.1 12.8 11:34 95.0 72.0 86.7 55.4 77.2 77.9 78 6 59 6 16.4 8.1 
8-18 20 2-37 19.4 0 8:42 91.0 68.0 86.7 59 4 75.3 63.3 78.5 66.6 12.5 8.2 
8-19 21 2-37 27.0 0 13:40 92.0 71.0 86.5 0.6 76.1 73.5 78 8 59.2 13 .2 77 
8-20 22 2-37 21.0 0 12:41 90.0 67.0 84.7 59.3 75.4 68.5 78.7 61.2 11.3 6.0 
8-30 23 2-37 12 6 0 9:51 91.0 68.0 83.2 59.4 75.6 73.0 78.5 61.0 12.5 47 
8-31 24 1-37 6.7 0 6:15 87.0 69.0 83.7 60.4 76.2 76.1 77 7 63.3 9.3 6.0 
1 25 1-36 27 .1 0 3 8:45 92.0 72.0 85 .2 58.6 77.0 81.6 78.1 66.5 13.9 rol 
9-2 26 1-37 23.6 0 8:35 91.0 72.0 85.7 53.9 77.2 78.8 78.8 60.5 12.2 6.9 
9-3 27 1-37 12.6 0 9:57 89.0 70.0 84.2 58.6 76.4 80.2 78.1 52.0 10.9 6.1 
o4 28 | 1-37 0.5 0 5:15 87.0 72.0 81.3 65.6 77.0 78.3 77.6 65.2 94 | 3.7 
































peratures that were obtained when cooling was accom- 
plished only by the use of outdoor air at night, and the 
condensing unit was not operated. The points repre- 
senting these data are shown as circles in Fig. 4 and a 
full line is shown drawn through the points. It may 
be observed that for a daily median temperature of 
75.5 F the maximum indoor temperature was 79.0 F. 

The points representing the data obtained for the 
maximum indoor temperature when the small-sized con- 
densing unit was operated are indicated by crosses, and 
a broken line drawn through the points represents the 
average. The intersection of the broken line with the 
full line is of particular significance as representing a 
critical daily median temperature, since it shows that 
for all values of the daily median temperature exceed- 
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Fig. 4 — Relationship between indoor temperature and 
daily median outdoor temperature 
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amount of artificial cooling was re- 


ing 75.5 F some 
Fr cooling 


quired, and that for all values less than 75.5 
with outdoor air at night alone was sufficient to maintain 
suitable indoor conditions. For example, for a daily 
median temperature of 83 F, if night air cooling alone 
was used, the indoor temperature would have risen to 
approximately 84 F ; whereas if the small-sized condens 
ing unit had been operated with the room thermostat 
set at 78 F, the indoor temperature would not have 
exceeded 80 F, 

The daily median temperature of 83 F, which was 
exceeded only once during the cooling season of 1937, 
may be considered as the probable upper limit for the 
range of application of the small-sized condensing unit. 
It is most probable that for daily median temperatures 
exceeding 83 F, the indoor temperatures would have 
risen above 80 F and the comfort conditions would not 
have been entirely satisfactory during the entire day. 
This is indicated by the fact that the broken line in Fig. 4 
intersects the 80 F maximum indoor temperature line 
at a point corresponding to a daily median temperature 
of approximately 83 F. However, even with these 
higher outdoor temperatures, the resulting indoor con- 
ditions would have been much more acceptable than if 
no cooling had been used. Additional data under ex- 
treme weather conditions are desirable in order to in 
vestigate the actual resulting indoor comfort conditions. 

From a statistical study of the daily median tempera 
tures for a given season in Urbana, IIl., the number of 
days on which satisfactory indoor conditions would re 
sult, either from the use of air from outdoors at night 
or by supplementing such cooling with the use of the 
small condensing unit, can be determined by employing 
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OPERATION OF THE FAN OverRALt Test Pertop 
: 
'1GuT AIR lr lr : _| Start or CooLinc with 
COOLING Ps ERCULATION De TREC — CONDENSING Unrit 
PREVIOUS = STO URING SSI ro START OF NIGHT 
ro Test us? | PERIOD Air CooLinG 
DuRA- Power | Dura- | Power | Dura- | Power] oc... > DuRa- 
TION KWHR TION Kwur TION | Kwur START END | TION 
Hours Hours Hours Hours 
17 18 19 | 20 21 22 eee ee” 
- | | 
1.50) 57 | 995] 42 3.05} 1.5 | 4:57pm] 8:00pm] 3 05 
1} 00 419 | 8 78 | 2 s 6 v2 3 1 1 17 Rl 8 30 pm| 6 72 | 
10 50 48 | 5.00] 2.1 $25 | 2.0 |12:000M | 4:15pm] 4.25 
475) 68 | 550] 22 7.50 | 3.5 |12:30pm| 8:00pm] 7 5 
100} 50 | 328] 1.3 | 12.22] 54 10:7 an }10:30 pm] 12 22 
| | 
s50| 38 3.68] 1.7 | 11.32] 5.0 [10:41 am/10:00 pm] 11 32 | 
0 00 si 2 50 1.0 7.50] 3.3 0:30 an 5:00 prn| 7 50 | 
10.10 ‘4 | 5.07 2.3 10.20 | 4.4 [12:04 pm/10:16 pm] 10.20 
873] 3.9 | 1.73] 09 | 12.27] 5.3 | 8:44 am| 9:00 pm| 12 27 | 
10.00} 46 2 63 1.1 | 12.12 | 5.4 | 9:38 am] 9:45 pm] 12.12 | 
j 
10 67 is 6 87 29 | 500] 2.3 2:17 pm| 7 17pm) 5.00 
11 &3 5.2 10 93 to | 1.27 07 5 56 pm} 7:12pm; 1.27 
13.25) 59 | 9.77 13 2.65] 1.1 4:46 pm| 7:25pm] 2.65 
11.58} 5.2 | 6 87 30 | 6.22 29 1:52 pm| 8:05pm) 6 22 
12.42 55 | 7.18 3.3 | 5.32 2.2 2:11 pm] 7:30pm] 5.32 
| 
11 50 5.5 8 25 34 | 5 50 i 23 3:15pm] 8 cated 5 50 
10.25 6 5 00 22 | 8.25 3.6 |12:00M | 8:15 pr 8 25 
12.17 5.5 8 501 3.7 4 50 20 3:30 p 8:00pm) 4 50 
11.00 5.1 | 3.08 1.2 | 11.92 | 5.3 |10:05 am/10:00 pm/ 11 92 
9 00 ‘2 i , f »00 | 2.1 12:30 p 5 30 pm| 5.00 
| 
13.50 6.0 > 25 23 |} 8.00 | 3.6 |12:15 pm] 8:15 pr 8 00 
10.75 | 49 | 3 WM} 2.3 gs 58/1 3.8 }12:30 pm] 9:05 pn 8 5S 
il WO 57 7.15 | 0 | 7 10 3.1 | 2:09 pm) 9 15 pr 7 10 
09 70 i4 3.00; 1.3 }| 11 25 io 10:00 am) 9:15 pn 11 25 
9 75 1.5 2.12 O8 | 13.13 57 9:07 am/10:15 px 13.13 
8 75 $5 | 2.17 0.9 11 25 a 9:10 am| 8:25pm) 11 25 
10.58 49 3.00 12 12.00 52 |10:00 an 10:00 pn 2 00 
900} 4.0 2 50 1.1 6 50 2.8 9:30 am! 4:00p 6 50 
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1 Table 3. 
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‘presented by the average of 11 seasons 
the years of 1927 to 1937 inclusive and 


This table shows a 


summary of the total number of days during the 11 year 


period for which the daily 
sumed the values indicated. 


median 
The data shown are for the 


as 


temperatures 


total 1683 days included in all of the seasons between 
May 1 and September 30 (153 days per season) for the 


il years, and represent mild as well as severe summers. 


It may be 


noted that a daily median temperature of 


75.5 F was obtained about 85 times during the 11 year 


period, averaging about ei 
median temperature of 83.0 F occurred 26 times 
the 11 year period, or an average seasonal fre- 
of 2.4 days. 


a daily 
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Table 2—Complete Data and Results for Tests (Cont'd) 


CONDENSER WATER 


POWER! QUAN 


| INPUT | TITY 
| AWHR IN 
| Gal 
LONS 
| 
27 »s 
16 103 
| 10 3 41s 
7 223 
; 1 416 
10 1 S16 
7 9 757 
| 58 246 
| 13.8 600 
16.3 713 
161 684 
} 
6 7 20S 
1 & 603 
$5 130 
6 6 2H2 
7.2 209 
70 2A 
11 3 159 
59 244 
14.1 wo 
$f 151 
75 207 
78 S18 
7 0 275 
15.0 586 
15 7 633 
49 592 
14 6 V0 
s 0 24 


The data in lable 


days during 


cally 1 


cated 
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comprised of 153 days. 


The lower curve in Fig. 
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Morst OVERAI Ik 
TEMPERATURE uRe 
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ENSIE 
Le 
INLET RIst LOAD 9 
| F F Duet . 
| Mo IBLI 
| URE 
20 30 31 2 : 4 
58 0 42 9 14 0O2 14.720 $2. 350 O70 ~ 
Ss 5 42.5 $414 15 B50) 93.900) 120 THO) | 
5&9 12 3 24 06 , 800 $6.75 2 “40) 0 
0 0 $2.1 17 31 49. G80) 76.10 25,830) 0 ; 
58.9 41 5 92 18 06.790) 153.500) 250.200) 0 387 
su 41 3 84 70 88.040) 140.000) 220 840) 0 3S 
wm } 41 7 20 S44 41,330) 44,000 0) 04 
"2 4) 4 SO O66 84.800) 100.300) 184.9000) 0 45s 
4 11 0 R87 61 91.900) 126.800) 218.700) 0 4: 
0” 1 41 4 73 85 77.540) 133, 100) 210,640 ) ‘ 
| . 
iid 12 0 27.2 28 OO 2 SSO! R11 
“ 42 0 9 52 10.000 14.00% 24.90) tip 
a 2 3 C1 14 OF 14.770 77 140 15.920 } 
0 12 4 29 21 10.680 3.200) 83.880!) 0 ‘ 
“ 41 1 1 OF 2? 620 61.100 ; ") } is 
o ¢ 12 2 0 Oo7 41 S580) 62.500) O4_ O08 0 
0 4 127 2 44 55.100 11.300) 146.400 ) 7 
a 23 25 72 27.000 2 000) 7O.000 
6 11 & Ss SU 61.820) 122.100) 18 may 
m4 i2 4 > 34 16.110 10.300 m4 { 
a " ‘2 2 Zo Ub ea] ww no mw ; ue } 
"0 i? Oo 2 Bl M4 480 63.650 is 4 { 
mS 6 27 89 20.200) 60.100) 89.3900) 0 ~ 
4 4 i832 ny 24 72 7) 123.000 O70) O 
4 iS 6 72 «735 7 OO 130.300 iwi won ff 
4 31 f2 45 65.000) 128.400 Te 
es | ‘3.2 i 20 60.000) 124.000 ; “1 
S80 3 Mm) O00 172 OM 61.400 4 ( ‘ 
3, showing the average numbe1 
a season on which a given daily med 
temperature was attained, have been represented grap! 
n the upper part of Fig. 5 rhe broken line re 
resents a mean of the points plotted. The values indi 
right hand ordinate show the frequen 
in terms of percentage of the number of days in a seas 
>, representing the total nu 
having daily median tempera 
value shown on the abscissa 
by integrating the area under the curv 
the vertical ordinates of the origin 
d value in the upper part of Fig. 5. It 
may be noted, for example, that for approximately 108 
the daily median 


days in the total season of 153 days, 


Table 3—Distribution of Days Corresponding to Indicated Values of the Median, or Average of the Outdoor Maximum and Mini- 
mum Temperature 











(Data based on 1683 days included between May 1 and September 30 for years 1927 1937 sit 
T 
Datty MEDIAN 
TEMPERATURE, F | 40 | 41 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 5O I 52 3) MM » | 56 7 S| 59 | 60] 61 | 62) 64 | ¢ 
No. or Days IN | | 
L1-YEAR PeRiop l I ft 2 l 5 3 9 6 | 10 S| 18 | 22 17 | 14 | 20 | 22 | 29 8 | 28 | 36 | 37 iS | Hz 4 5 17 
Avc. No. or Days | t j } | | | 
PER SEASON 10.09}0 09; O (0 .09/0.18/0 09}0 45/0 27/0 82/0 55)0 91/0 73/1 64/2 .00)1 55/1 27/1 82)2 00/2 64/2 55/2 55)3 27/3 36/34 64/4 00/4 09/4 
| / | | j | 
Datry Mepian | | 
TEMPERATURE, F | 6S | 69 | 70 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | SIL | 82) 83 | 84] 85 | 86 | 87] 8S | SO | OO} OF m9 , 
No. or Days tn | | } 
ll-vYEAR Periop | 77 | 55 | 64 | 67 | 93 | 81 | 67 | 81 | 89 | 72 | 64 | 46 | 50 | 53 | 41 | 26 | 23 | 18 | 25 >| 13 f : 2 i i}; 0 
. | | | 
Avec. No. or Days ; | | i 
PER SEASON ’ 00/5 00\5 82/6 09/8 45/7 36/6 09/7 36/8 09/6 55/5 82/4. 18)4 55) 4 82/3 73/2 37/2 09/1 64/2 27/0 45/1 18/0 55/0 36/0 18)0 45/0 09)0 09) Oo 
i i | | i | | | i | | | 





*Data from 
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rbana, Ill. Sta 


tion 


of United 


States Weather Bureau. 
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Fig. 5—Frequency of occurrence of days having stated daily 
median temperatures 


temperature would be.less than 75.5 F. The latter was 
indicated in Fig. 4 as representing a critical or limiting 
daily median temperature. Hence Fig. 5 indicates that 
cooling with air from outdoors at night alone would be 
sufficient to maintain comfortable conditions in the Re- 
search Residence for 108 days, or 70.6 per cent of the 
average season of 153 days; but would not be adequate 
for the remaining 45 days 

Similarly Fig. 5 indicates that for approximately 143 
days in the season, the daily median temperature would 
not exceed the 83.0 F shown in Fig. 4 as the upper 
limit for the small condensing unit. That is, the small con- 
densing unit, when used in connection with cooling with 
outdoor air at night by means of the basement fan, would 
be sufficient to maintain desirable comfort conditions in 
the Residence on 143 days, or 93.4 per cent of the sea- 
son, but would not be sufficient in capacity to prevent 
the indoor temperature from exceeding 80 F on 10 
days. These data represent a typical average season 
only, and considerable deviations from the average may 
occur during any given season. For example, during 
the relatively mild season of 1937 the daily median tem- 
perature exceeded 83.0 F on only one day; whereas 
during the extremely severe summer season of 1936, 
the daily median temperature exceeded 83.0 F on 28 
days. Furthermore, the limitations shown in Fig. 4 
apply only to the method of operation and to the oper- 
ating conditions as maintained in the Research Resi- 
dence. If a larger condensing unit had been used, the 
limiting value of the daily median temperature, as shown 
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in Fig. 4, would have been greater than 83.0 F and, 
indicated by Fig. 5, the unit would have had suffic’ 
capacity to maintain acceptable conditions for more t! 
143 days per season. 

The data presented indicate the feasibility of inst 
ing refrigerating equipment of small capacity in r 
dences, particularly in those cases in which the ini: 
cost of installation is a more important factor than 
maintenance of ideal indoor conditions in the most sev. 
weather. The data furthermore show the limitations 
sulting from the use of such a small condensing vu 
when operated under the conditions maintained in 
Research Residence. 
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Air Conditioning Symbols 


At a meeting held in New York on April 12, E. 


re 


7 
nt 


y 
ad 


eq 


ing 


E 


Ashley, A. S. H. V. E. representative on the committee, 


presented a report of the sub-group dealing with he 
ing, ventilating, refrigeration and plumbing symbols 
a General Committee on Mechanical Symbols of wh 
T. E. French is chairman. After considerable disct 


sion it was voted to submit the list of symbols to th: 
Sectional Committee for their approval. Other members 
of the sub-group responsible for drafting the symbols 


were S. L. Land, L. L. Munier, J. L. Murphy, E. 
Penfrase, L. H. Roller, and E. R. Wolfert. 


al 


; 


LO 


} 
1¢ 


1s 
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Definition of Air Conditioning 


Stipulation No. 1883 of the Federal Trade Comm: 


sion defines air conditioning in the following manne: 


The words air conditioning signify the simultaneous ¢ 
trol by a mechanical device of various factors affecti 
both the physical and chemical conditions of the 


| 


a 


mosphere within a given structure as a room, building 


and the like, said factors including temperature, |! 


midity and motion or circulation of the air within 


vit 
il 


ing 


the structure. A device which does not control eac 
and all of the designated factors is not proper 


represented, designated or referred to as an air con 


tioner within the purview and meaning of these wor«s 


as generally understood by the trade and public. 
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Comparative Analysis of 


Office Building Air Conditioning Systems 


By J. R. Hertzler*® (MEMBER), York, Pa. 


CTUAL and potential field market studies for 
large commercial air conditioning equipment 
show office buildings to be of first importance. 
Each building warrants a careful analysis and study, if 
the proper system is to be installed to meet its require 
ments. A group of large, complete office building air 
conditioning systems have been analyzed in this paper 
for comparative purposes. 
In order to show the wide variation in the types of 
equipment and methods of installation utilized, a group 


Table 1—Tabulation of Air Conditioned Buildings 
No. oF So Fr Arr 
DESIGNATION | LOCATION FLoors Conpb. Spact 


Building A | Houston, Tex 8 169.712 
Building B_ | Annex Bldg. to A, Houston. Tex 15 80.960 
Building C | Boston, Mass e 45,000 
Building D | Boston, Mass 1 97.700 
Building E | St. Louis, Mo 19 83.248 
Building F Fresno, Calif 5 54.100 
Building G Cincinnati, Ohio 15 60.910 
Building H St. Louis, Mo 12 106,897 
Building I | Hershey, Pa 4 168,128 
Building J | Wilmington, Del 14 190,510 


of 10 buildings, as indicated in Table 1, involving air 
conditioned areas of more than one million square feet 
have been used for analysis. 


Factors Affecting Design 


In the designing engineer's approach to office building 
air conditioning, several features are of primary impor 
tance to insure satisfactory acceptance, some of which 
are outlined herewith. 

Type of Building 

In order to properly calculate the heat gain it is im 
portant to know the shape of the building, whether the 
building is of windowless design or insulated, and 
whether of tower construction with exposures on all 
sides or partially shaded. It is also necessary to deter 
mine, within the enclosure, the partition arrangements, 
whether temporary or permanent, whether the spaces 
are rented or unrented and whether the hours of occu 
pancy are uniform or variable throughout the building. 
Zoning 

This includes the separation of those spaces with simi 
lar exposures or similar heat gains so that uniform at- 
mospheric conditions can be produced for all variations 
of load. 

“General Representative in Refrigeration and Air Conditioning, York 
Ice Machinery Corp 


Presented at the 44th Annual Meeting of the American Soctery 
” Heatinc anp VENTILATING Encineers, New York, N. Y., January, 1938 
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Apparatus Location 


This factor is important from the standpoint of ava 
able space which can be sacrificed for the location of th 
air conditioning apparatus. ‘This is closely alli 
zoning and will have an important influence upon 


cost as well as service and maintenance charges 
Aw Distribution 


iV adutierent 


The distribution of air ‘s obtained in mai 
ways depending upon the architectural treatment ai 


limitations. In practically all cases, proper air dist 
bution will involve interior redecoration of existing 
buildings, thus increasing its importance to the owne 


Cooling lowers 


Means of finally rejecting the heat removed trom 
conditioned spaces to the outside air is of extrem: 
portance. Office buildings are located in metropolita: 
areas and consequently no cooling tower installatior 
should render an inconvenience or nuisance to adjoining 
property. In selecting the location and type of cooling 
tower, the problems of (a) noise; (b) drift; (c) 
ging; (d) appearance; (e) weight and structural sup 

t 


ports; and ({) cost of operation are the principal cor 
siderations of the designing engineer. 
Refrigeration 

lhe medium furnished for dehumidification and cool 
ing purposes must be of a type not to create hazards and 
should provide operating flexibility to economically an 
efficiently meet all conditions of load 


H eating 


Combined with the cooling equipment should be means 
to provide, under automatic control, uniform and satis 
factory conditions of temperature and humidity during 
the winter operation of the apparatus 
Features of Design 

Always taken into account is the scope of automati: 
operation and control, types of air cleaning devices, pos 
sibility of need for independent humidity control in lo 


cations of excessive humidity or where moisture loads 


occur independent of dry or sensible heat gains, and 
other auxiliary items of peculiar importance in special 
cases. 

Building A—Houston, Tex. 

I'yvpe of Building. Existing office building is occu 
pied by single tenant. Individual offices on each floor 
open to central corridors, 

Zoning. 
vidual floor control. 


Apparatus Location 


Building is zoned east and west with indi 


The 450 hp central water cool 








ge on 


ing plant is located in the basement. Central air washer 
for spaces up to and including &th floor is located in the 
basement supplying dehumidified air to 2 local recircu- 
lating fans on each floor, one for east zone and one for 
west zone. Separate dehumidifier for 9th floor is in- 
stalled on roof to supply the director’s room and exec- 
utive offices having roof exposure, 


Air Distribution on lower floors utilizes corridor ceil- 


ings for location of duct work for supply and return 
air. In office space, ducts are arranged on face of col- 
ummns to appear as false beams—with columns off cen- 
ter. Overhead plaque system of distribution is used on 
{th floor with ducts in hanging ceiling. Director’s room 
air supply is directed upward through radiator en 


closures, 

Cooling Tower. Because of the location of the build 
ing and the absence of nearby tall buildings, the cooling 
tower was located in the rear and on the first floor level. 

Refrigeration. Two duplicate units of 225 hp size 
each are installed using dichlorodifluoromethane as the 
Each compressor is supplied with reduced 
in 


refrigerant. 
capacity operating 
direct proportion to reductions in load. 

Heating of indirect type is furnished to supplement 
existing direct radiation and to furnish tempered, hu- 
midified, outside air during winter operation. 


devices to permit power savings 


arranged by floo: 


Table 


A compilation of technical data 
this particular building is given in 2. 


Building B—Houston, Tex. 


annex 15 st 


\ and 


Type of Building. An addition or 
height was added to the original building 


visions for complete air conditioning were made in 
plans and specifications as prepared. The occup: 
was similar to that of Building A, but greater poy 


tion density was made possible with the incorporatio: 
conditioning in the original design. 

Annex Building B presented a dif 
problem due to the unusual exposure. The sout! 
of the building was shaded by Building A for the 

9 floors, the number of separate zones having beer 


air 
Zoning of the 


lected as follows: 
First Floor—2 
Second Floor—3 zones 
Third-Tenth Floors—3 
supplementary northeast zone added to the north or 


east and west. 


north, 


zones 
east and west. 


zones— north, east and west wit! 


zone. 

Eleventh-Fourteenth Floors t zones — north, east, sout! 
west. 

Penthouse—4 zones—north, east, south and west 


Apparatus Location. Fan and air dehumidifier e 


ment of the spray type located in the basement supp! 

















Auxiliary. Pneumatic temperature and humidity con zones one, two and three of floors one to seven. Equi 
trols of conventional type, and throw-away type air fil- ment on the roof supplies zones one, two, three 
ters are used in the design. four of floors 8 to 15 inclusive. Separate supplen e1 

Table 2—Technical Data by Floors, Building A, Houston, Texas 
Ist 2ND 3RD 1TH 5TH 6TH 7TH STH 9TH 
FLOOR FLOOR PLOOR FLOoR FLOOR FLOOR FLOOR FLOOR FLOOR TOTALS 
Floor Area, Sq Ft 21,214 21,214 21,214 21,214 | 21,214 21,214 1,214 169,712 
Ceiling Height, Ft 12 83 12 83 12 83 12.83 | 12.83 12.83 2.83 
Gross Room Volume, Ou Ft 272,200 | 272,200 272,200 | 272,200 | 272,200 | 272,200 | 254,500 | 2,159,900 
Number of People 230 110 | 115 145 225 160 90 1,195 
Floor Area per Person, Sq Ft 92.5 193 185 | 146 | 94 133 236 142 0 
Watts of Light 5,050 3,800 | 5,750 1.350 | 4,600 5,100 4.400 37,330 
Avg. Watts per Sq Pt Nien wr Area ; 0.24 0.18 . ie 0.20 0 22 0 24 0.21 0 22 
Min. Outside Air, Cfr Not t.040 2,500 | 2,640 2,680 2.840 2.760 5,000 25,000 
Min. Outside Air, C fn per Person Condi- 17.5 22.7 | 23.0 18 5 12 6 17 2 55.5 20 9 
Min. Outside Air, Changes per Hour tioned 089; 0.55 | 0.88 0 59 0 62 0 61 1.18 0 70 
Internal Sensible Tons 12.90 | 28.30 33.15 | 3090 | 34.25 31.80 34.60 264.0 
Internal Latent Tons 10.75 | 8 25 | 13.65 9 60 | 12.30} 9 95 3.45 77.3 
Total Internal Tons 3 65 36 55 46 80 40.50! 46.55 41.75 38 05 341 3 
Total Tons Sens. Tons Int. Mul 1 .25 ] .29 1 41 1.3 1 36 1 31 1.10 1.20 
Dew po nt Required, deg F 56.8 | 56 53 25 | 55 6 54.5 | 55 6 590 a6 
Cfm trom Dehumidifier 20,250 2,840 13,470 | 13,750 | 14,550 14,140 18,000 120,000 
Circulated Air, Cfm 0.250 | 12.840 13,470 | 13.750 | 14,550 | 14,140 | 18,000 120,000 
Cfm per Sa Ft Floor Area 0.95 0.60 0 63 0.65! 6.68 0 67 0.85 0.71 
Dry-Bulb Diffusion, Ave., dew F 23 .2 24 | 26 7 24.4 | 25 5 24 4 21 24 
Circulated Air Change, Min 13 4 21.2 | 20.2 19 8! 18.7] 19 3 14.1 17.9 
a ms pe | Requi ired 71 37 $8 44 9 OS 3.02} 59 61 | 54 37 59 32 14 68 
olume per Ton, Cu Ft 3,825 5,640 4610 | 5,140} 4,570] 5,025 4,300 4,750 
Fen Area per ‘Ton Sq Ft 298 449 | | 360 | 400 | 356 | 392 359 374 
| | 
Table 3—Technical Data by Floors, Building B, Houston, Texas 
lst 2ND 3RD 4TH 5TH 6TH | 7TH STH Oru | 10TH | lita | 12TH | 13TH 14TH Ist 
FLoor! Floor! Floor PLooR} FLoor| PLoor) PLoor! FLOOR FLoor| FiLoor! FLoor! FLoor! FLroor| Froor! Pent 
| Houst 
Floor Area, Sq Ft 7,850) 6,160) 5,620) 6,500) 6,240) 7,040] 6,630) 6.280) 5,440] 6,400} 3,920) 3,800] 3.760) 3,300| 2,020 SI 
Ceiling Height, Ft 16 0} 12.83) 12.83) 12.83} 12.83) 12.83) 12.83) 12.83) 12.83) 12 83) 12 83) 12 83! 13.83) 15.83} 14.83 
Gross Room Volume, Cu Ft 125,570| 79,310) 72,305) 83,618) 80,025/ 90,470} 85,100} 80,610) 69,970) 82,250] 50,418] 48,875) 52,060) 49,500) 28,290) 1,075 
Number of People 46 70) 136 86) SY 89 89} 89 89 66 49 52 179) 106 al 
Floor Area per Person, Sq Ft 170 88} 41.41 75.5 70 79| 74 5) 70.5) 61.0) o7 80 73 21 31.1 65.1 
Watts of Light 7,000} 6,050) 7,030) 7,200) 6,250) 6,250) 6,250) 6.250) 6,250) 6,620) 4,300) 3,950) 3 800! 3,900) 3,150 “4 
Ave. Watts per Sq Ft Floor Area | 0.89) 0 97| 1.25) 1.10 1.0; 0.89) 0.94) 0.99) 1 15] 1 03) 1.1} 1.04) 1.021} 1.18] 1.56 
Min. Outside Air, Cfm j 5,670) 2 .740| 2,740) 2,665) 2,630) 2,630) 2,630) 2,630) 2.630) 4,740] 1.885) 1.800) 2.260) 2,140) 1,815 i 
Min. Outside Air, Cfm per Person | 123) 3 2} 20 2 31} 29.6) 29.6) 29.6) 29.6) 29.6! 71.61 38.4 34 6] 12.6) 20.2) 58.5 
Min. Outside Air, Changes per Hour ay FS | 2 3} 1.9} 1.97] 1.75} 1.85} 1.95} 2.26 3.44 2.2) 22 2 6 26 3.8 q 
Internal Sensible Tons 23 60) 11.40) 11.40) 11.10) 10.93) 10.93) 10.93) 10 93| 10.93) 19.70} 7.85) 7.50] 9.44) 8.92) 7.58 17 
Internal Latent Tons 0.59} 0.89) 1.73) 1.10} 1.13) 1.13) 1.13} 1.13] 1.13] 0.84) 0.62] 0.66] 2.28) 1.35) 0.39 lf 
Total Internal Tons | 24.19) 12.29) 13.13) 12.20) 12.06) 12.06) 12.06) 12.06) 12.06) 20.54) 8.47) 8.16) 11.72) 10.27) 7.97 1S 
Total Tons + Sens. Tons Int. Mult sl 02| l 08) 1.15) 1.10; 1.10; 1.10) 1.10) 1.10) 1.10) 1.04] 1 08} 1.09) 1 251 1.15) 1.05 
Dew-point Required, deg F 60; 59.3) 58.4) 59 59 59) 59 59) 59 60) 59.3) 59.1 57 8 4) 597 ; 
Cfm fro m Dehumidifier | 13,600) 6,350) yee 6,100) 6,030) 6,030) 6,030 6,030} 6,030 11,400} 4,380) 4,150] 4,350] 4,780) 4,300 9 
Circulated Air, Cfm 17,514 7.607! 6,863) 6,531) 6,861) 6,790) 7,161! 6,628) 7,362) 11,516) 4,942) 4,885) 6,352) 4,867) 4,300) 110 
Cfm per Sq i of Floor Area 2.24) 1.23) 1.22) 1.00) 1.10) 0.96) 1.08) 1.05] 1 35) 1.80] 1.26 on} 1.601 1.47] 2.13 ' 
Dry-Bulb Diffusion, Avg., deg F 15 | 17.3} 19.2} 19 7} 18.4) 18.6] 17.6) 19.2) 17.1] 19.8] 18.4) 17.6) 15.7] 21.3) 20.3 > 
Circulated Air Change, Min 7.15] 10.4[ 10.5) 12.8} 11.7} 13.3} 11.9} 12.2] 9.5} 7.11 10.2] 10.0 82) 101 6 6 97 
ta a Refrigeration + > ane | 47 7) 24.6) 25.3) 24.2) 23.9) 23.9) 23.9) 23.9) 23 9} 40.1 17.44 169] 21.1) 20.1 16.6 
Volume per Ton, Cu Ft | 2,630) 3,220} 2,855) 3,450) 3,350) 3,780) 3,560) 3,37 | 2,920} 2,040) 2,890) 2,880) 2.470] 2,460) 1,700) 2 5ou 
Floor Area per Ton, Sq Ft.. 164 aa0) 222) ae8 260 294, 278) 262) 228 268; 225 225 17e oe 122) 
| | | | | | | j | 
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Table 4—Technical Data by Floors, Building C, Boston, Mass. 


itu OTH Oru 
FLOOR FLOOR FLOOR 
r Area, Sq Ft 5,000 5,000 5,000 
ling Height, Ft 9.5 95 9 5 
ross Room Volume, Cu Ft 47.500 47.500 17.500 
nber of People Mw SO rh 
or Area per | ee Sq Ft 100 100 100 
Watts of Light 5,000 5.000 5.000 
\vg. Watts per Sq Ft of Floor Area 1 1 i 
Min. Outside Air, Cfm 1.200 1.020 1.105 
Min. Outside Air, Cfm per Persor 24 20 4 32 | 
Min. Outside Air, Changes per Hour 1.52 1 20 1 40 
Internal Sensible Tons 6 Of 4 22 4 22 
ternal Latent Tons 0 64 Oo 64 0 64 
tal Internal Tons 6.72 1 86 4 36 
tal Tons + Sens. Tons Int. Multiplier 1.108 1.15 115 
Dew-poimt Required, deg F 34 84 [8 4 
Cfm from Dehumidifier 3.350 2 820 3045 
Circulated Air, Cfm 4.390 2 G5 +000 
Ct ver Sq Ft of Floor Area 0 8S } 74 0 80 
Dry-Bulb diffusion, Avg. deg F 15.6 129 11 Y 
Circulated Air Change, Mi: 10 8 129 119 
fons Refrigeration Required 0 50 7.22 7 42 
Volume per Ton, Cu Ft 5,000 6.580 6.400 
Floor Area per Ton, Sq Ft 526 693 675 


tary volume control of the air supplied to each zone on 
every floor is furnished for accurate temperature regu 
lation. 

Air Distribution. Furred corridor ceilings are used 
for separate supply and return air ducts connected to 
the vertical risers in a ventilation stack provided in the 
new building. 

Cooling 
Building B is located an enclosed concealed forced draft 


Tower. In the tower of the new Annex 
cooling tower of sufficient capacity to supply condens 
ing water for the refrigeration equipment of both Build 
ings A and B. 

Refrigeration. water cooling 
dichlorodifluoromethane type ; 


Two systems of the 
one of 400 hp and one 
of 200 hp size, were furnished and installed in the base 
ment to supply chilled water for dehumidification as re 
quired by the two air washers. 

Heating. Indirect heating is supplied by the same 
system of duct work utilized for air distribution during 
the summer operating season. 

Auxiliary. Pneumatic temperature and humidity con 
trol and throw-away type air filters are used in the in- 
stallation. 

A tabulation of the technical data for this particular 


installation is outlined in Table 3. 


Building C—Boston, Mass. 

Type of Building. 

occupied by financial organizations in the Boston busi 

ness district. It has 5000 sq ft per floor with internal 
as well as external offices. 


Existing building of 13 stories is 


Zoning. East and west zones per floor with individual 
volume control provide for load fluctuations on each of 
the relatively small floors. 

Apparatus Location. The roof is utilized for the loca 
tion of not only the spray type air dehumidifier and main 
supply fan, but for the evaporative condensers of the 
refrigeration plant as well. A 175 hp reciprocating com 
pressor and shell and tube type water cooler are located 
in the basement. 

Air Distribution. Air distributing duct work is located 
entirely within the building with supply and _ return 
risers, 

Cooling Tower. Combined forced draft cooling tower 
and refrigerant condenser (evaporative type), is uti 
lized to reject heat from the conditioned space. If city 
water at 80 F initial temperature were used, the cooling 
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tower would normally require 1 pet 


ton for make-uy 


Ri rigeratioi (me 1/5 np water Cool 


1 


Y floors, and an ad 
be furnished later for the lower 3 floor 
Heatin Direct 


stalled for the uppet 


radiation already ins 


and supplemented with outsick r tet 


central supply fan 


Auxiliar\ Che automatic differential 


temperature and humidity contro 


maintam a predetermined set of ind 


various outdoor conditions \n automat 


trol was 


pensate tor changes in temperature 


added at the central air dehuw 


the conditioned spaces. Throw-away typ 


furnished tor air cleansing 


In Table 4 are given condens« 


this building 


Building D—Boston, Mass. 


l'ype of Building. An existing offic 


space to prospective tenants and was 


cupied at the time of the remodeling ope: 


cluded the installation of air conditioning 


Zoning. 


rately zoned, 


' 
le soul 


The north and t 


units are installed in each 
supplying three floors. 


Individual field assembled 


zone of the building, 





Fig. 1 


Location of supply outlet in Building D 








Table 5—Technical 


Data by Floess, Building D, Boston, Mass. 


the fan and surface cooling and he 





ing equipment. 























3RD TO 107n | " . . . <= 
nist pon | Fuoons Inc.| 11TH Torats Detailed figures are given in Ta) \ 
LOOR LOOR ACH FL R L K e rd ° ‘ : 
= a aE set AR bet de hea cin ee 5 for the unit factors applicable 
loor Area, Sq Pt...... 10,600 10,600 8,500 8,500 97,700 “ya: 
Ceiling Hei ght, Ft. 9.5 8.25 8.25 8 .25 fo Building D. 
Gross Room Volume, Cu Ft.. 100,000 87,500 70,000 70,000 817,500 
umber of Peo 120 120 120 120 1,320 eon : 
agg At ee 88.4 88.4 70.8 70.8 74.0 Building E—St. Louis, Mo. 
Watts of Light. .. 7,000 3,500 3,500 3,500 42,000 
Avge Watts per Sq Ft of Floor Area..... 0 66 0.33 0.41 0.41 0.43 “or . pm... 202° : 
Min.. Outside Air, Cfm................. 2.2 2,200 2,2 2,200 | 24,200 Type of Building. At the time 
Min. Outside Air, Cfm per Person 18.3 18.3 18.3 18.3 18 3 RR eer _ ‘ +s . . 
neve Cvsite vd Gisnges per Hour 1.32 1.51 1.89 1.89 1.78 installation otf air conditioning Im this 
nterna nsible Tons........ ; 7.81 8.29 8.29 16.0 98.4 7 = 145 . ~ oo « 
Fitecnal woncor 5 Resoags * Rea 1 53 1.53 1.53 1.53 16.8 2U-story building in St. Louis, a p 
otal Internal Tons 9.34 9 .82 9 82 17 .53 115.2 ’ — =— 
Total Tons + Sens. Tons = Int. Mult 1.19 118 1.18 1.10 1.17 tion of the space was not rented, gov- 
ew-point Required, deg 59.0 59 59 59.8 59.1 arnt : > > > > lect; 
Cfm from Dehumidifier... 7,000 7,000 7,000 12,300 | $2,300 erning to some degree the selection 
irculated Air, Cfm 7,000 7,000 7,000 12,300 82,300 itarv fac . i appar: 
Cfm oo r Sq Ft of Floor Area’ : 6 66 0.66 0 82 1.45 0.84 unitary surtace cooling a} paracus 
Dry-Bulb Diffusion, Avg., deg F 12.5 13.2 13.2 14.5 13.4 each floor for providing air conditio: 
Circulated Air Change, Min 14.3 12.5 10.0 5.70 9.9 x a : 
Tous Refrigeration Required, 14.4 14.8 14.8 22.5 170.1 ing. Duct work is installed in all oi 
Volume per Ton, Cu Ft 6,950 5,900 4,730 3,110 4,800 : . ‘are 
Floor Area, per Ton, Sq Ft.. 736 715 574 378 574 the occupied zones, and on the wu 
a eee | — - occupied floors the air conditioning 





Apparatus Location. Field assembled, suriace cooling 
units located in the north wing of floors 2, 5, 8, and roof, 
supply the north zone of the following floors respec- 
tively. The second floor north unit supplies the north 
zone of floors 1 to 3. The fifth floor north unit supplies 
floors 4 to 5 north zone. The eighth floor north unit 
supplies the north zone of floors 7 to 9. The north unit 
on the roof supplies the north zone of the tenth and 
eleventh floors. Similar units located on the same floors 
supply identical floors in the south wing of the building. 

Air Distribution, Duct work is installed within the 
office space rather than through the corridors aud is 
furred to match the existing surroundings as indicated 
in Fig. 1. 

The supply air is directed toward the outside walls of 
the room in each case. 

Cooling Tower. <A forced draft cooling tower is lo- 
cated on the roof to reject the heat removed from the 
building to the outside air by means of condensing water 
circulated through the refrigerant condensers in the 
The cooling tower was located so that it was 
not visible from the street and surrounding buildings 
which are relatively lower in height; consequently its 
operation is not considered objectionable. 

Refrigeration. A 250 hp water cooling system with 
two 125 hp compressor units and a single water cooler 
was located in the basement and functions to furnish the 
chilled water required for the surface cooling units lo- 
cated on the upper floors. 

Heating. Outside air tempering is furnished through 
the heating coils in the field assembled air conditioning 
units located on the various floors, winter dehumidifica- 
tion being supplied through the use of atomizing sprays. 
The existing direct radiation in the building was al- 
lowed to remain and functions as previously installed. 

Auxiliary. A differential system of automatic tem- 
perature and humidity control is furnished to automatic- 
ally regulate the indoor temperature in accordance with 
the outside temperature utilizing automatic by-passing 
of recirculated air around the finned cooling surface of 
each air conditioner to maintain a uniform condition 
within the conditioned space during summer ope ration. 
Winter heating is also automatically controlled bya Sys- 
tem of pneumatic control instruments. 

Air filtering is furnished through the use ef cleanable 
air filters assembled in the freld in conjunction with 


basement. 


type 


348 


units have only been installed and con 
nected to the refrigerating equipment. The installation 
on these floors is to be completed at such time as this 
space is rented, duct work then being located to suit the 
partition arrangement required by the tenant. 

Zoning. On the lower floors, two air conditioning 
units are installed per floor, whereas, on the upper floors 
a single conditioner of adequate capacity is furnished 
In general the zoning is east and west per floor with 
the individual units being automatically controlled fo: 
the independent control of temperature and humidity on 
each floor and in each zone. 

Apparatus Location. Unit air conditioners of the fa 
tory assembled type, as illustrated by Fig. 2, are in 
stalled throughout the building, two units being fu 
nished on the lower floors, and one unit on each of the 
upper floors. A central water cooling plant is locate 
in the basement, with chilled water being supplied to 
the air conditioners for cooling purposes. 

Air Distribution. Duct work is installed along the 
faces of the columns within the building and furred 
without making an effort to balance the furred space on 
both sides of the column. The finished appearance is 
illustrated by Fig. 3. 


=" oe 
Stew 





Fig. 2—Floor type conditioner in Building E 
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Fig. 3—Duct arrangement in Building E 


Cooling Tower. A forced drait cooling tower is used 
for rejecting the heat removed from the conditioned 
space to the outside air. 

Refrigeration. Refrigeration for dehumidification is 
furnished by a two compressor dichlorodifluoromethane 
water cooling system with one large water cooler operat 
ing in conjunction with a 200 hp and a 125 hp machine. 
This provides considerable flexibility in operation fot 
the m and varied load factors involved in office build 
ing air conditioning. 

Heating. The direct radiation in the building is sup- 
plemented with the tempering of outside air through the 
use of heating coils in the air conditioning units. 

Auxiliary. A pneumatic system of temperature and 
humidity control is used in the building for year around 
temperature control. 

Throw-away type air filters are furnished in the base 
of each vertical floor type air conditioner and are indi 
cated clearly on Fig. 2. 

\ compilation of technical data arranged by floors for 
this particular building is given in Table 6. 


“ne 


ae 


Building F—Fresno, Calif. 


Type of Building. In the exceedingly hot dry climate 
of Fresno, Calif., the use of evaporative cooling was 
originally deemed practical and such an installation was 


Table 6—Technical Data by 
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Ist 2nn | 3rp | 4TH 5TH 

| Froor | Froor | Foor | Fioor | Floor 
Floor Area, Sq Ft 575| | 9212} 9.133] 9,144 
Ceiling Height, Ft 13.0} } 11.83) 11.83) 11.83 
Gross Room Volume, Cu Ft . 7,475) 109,000) 108,000) 107,000) 
Number of People 5| | 150 150) 150 
Ploor Area per Person, Sq Ft 115) |} 61.5 60.7) 608 
Watts of Light 800) | 22,000} 22,000) 22,000 
Avg. Watts per Sq Ft Floor Area 1.39) Air 2.38} 2.41) 24 
Min. Outside Air, Cfm 200} Condi- 2,000} 2,000) 1,700: 
Min. Outside Air, Cfm per Person 40} tioning 13.3 13 3 11.3 
Min. Outside Air, Changes per Hour 1 61) Units 1.1) 11 0 95 
internal Sensible Tons 1.75, In- | 16.04) 16.04) 13.06 
-aternal Latent Tons 0.41} stalled. | 2.88) 2.88) 1.79 
Total Internal Tons 2.16) Duct 18 92) 18.92) 14.85 
Total Tons + Sens. Tons = Int. Mult 1.23) Furn- 1.18 1.18 1.14 
Dew-point Required, deg F | 58.5) ished at 59} 59 58 8 
Cim on Dehumidifier 1.200} Later 12,000} 12,000; 8,000 
Circulated Air, Cfm.. 1,200] Date to} 12,000) 12,000} 8,000 
Cim per Sq Ft of Floor Area 2 Q| Suit 1.3) 1.3} 0.87 
Dry-Bulb Diffusion, Avg.. deg F 17 .2) Tenants 15 7) 15.7 19 
Circulated Air Change, Min i 6 22 9.1) 9 13.4 
Tons Refrigeration Required 2 7] 24.4, 244 19.5 
Volume per Ton, Cu Ft 2.760) 4.460} 4,440) 5,500 
Floor Area per Ton, Sq Ft 213) 378| 374) 468 

| | 
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made by the owners. Later a mechanical refrigeratiot 


system designed along special lines was used to replac« 
the original adiabatic cooling system 


There is a multiplicity of private offices arranged alo 
the corridor of the property. 


; ‘ 


Zoning. The building is zoned principally into tw: 
zones per floor in the east and west wings, the building 
limitations deciding this factor to a large degree. 

Apparatus Location. Surtace coils tor cooling the au 
supplied to the conditioned spaces are installed im the 
outlet of the existing adiabatic air washer. The reirig 


eration equipment is separated, with the evaporator coils 


; 


} 
liect 


of the direct expansion type being located on the 


the 


end of the main supply fan in the basement neat 
compressor, while the condenser is installed on the root 
under the cooling tower, 

Aw Distribution. 


tribution was to be devised for this particular installation, 


As the simplest system of air dis 


‘ig. 4 shows the method of applying building board b 


low the existing furred ceiling, forming a plenum spac 
used for distributing the conditioned air from the main 
supply fan. Openings were cut from the corridor at 


the ceiling line into each office above the entrance doors, 


with supply grilles being located as indicated on Fig. 5 
The transoms above the entrance doors were returned 


to the factory in which they were made, so that their 
height could be reduced a sufficient amount to allow for 
the installation of the supply grilles as indicated. 1 
building-board which forms the bottom of the air su 
ply duct and the corridor ceiling is plastered on the co 


( 


’ 


I 


ridor side and the upper side is lined with a ;'y in 


bestos sheet. 


Cooling Tower. The cooling tower furnished 


installation serves the double purpose of furnishing water 


which is used to precool outside air prior to the cool 
of this air by mechanical refrigeration. In addition the 


asSSseCc 


The 


water leaving the outside air precooling coil is | 
through the condenser of the refrigeration system 
cooling tower furnished is of the atmospheric type 
Refrigeration. Because such a large percentage of th 
heat to be removed from the building is in the form of 
sensible heat at a high temperature level, the use of 
ing tower water for precooling reduces the refrigerating 


cor )] 


capacity necessitated for this installation to one-half that 
which would normally be required. 
te 


It is also possible 
make use of 100 per cent outside air and thus raise 


Floors, Building E, St. Louis, Mo. 


7TH To 15TH 


6TH PLoor Inc 16TH 17TH ISTH 19TH 20TH 
Fioor | Eacu Fioor | Fioor | Proor | Fioor FLOOR PLoor TAI 
| 3,720 3,954 3.808 2.737 3,111 $111 $111 83,248 
| 10 83) 10 83 j 10 83 10 83 10 83 10 83 10 83 
40,400 42,850 42,400) 29.620) 34,750 44.750 34.750 933.705 
20 20 20 20 20 20 x) 75 
186 197 | 190 136 155 155 15 110 
2.000 2,000 | 2.000) 2000: 2000! 2.000 000 16.800 
} 0.44 0 51 | 0 52 0.73) 0.64 | 0 64 0 4 1.16 
800 800 | 700 800) 800 | a00 | 800 17.800 
40) 40 | 40 40) 40 | 40 | 40 23 6 
Pao 1.12 | 0.99} 1.62) 1.38] 1.38] 1.38 1.14 
| 6.72 6.72 5.55) 5.33 5.33 | 5.33 5.33 141 0 
| 1.20 1.20 0 04 0 94) 0.94 | 0 04 0 4 247 
7.92 7.92 6.49) 6.27 6.27 6.27 6.27 165 7 
1.18 1.18 1.17 1.18) 1 18 1.18 1.18 | 1 18 
59 5 59 5 | 58 8 59} 59 59 5Y 0 5 
4,000 4,000 | 4,000 4,000) 4,000 4,000 4,000 93,200 
4,000 4,000 | 4,000 4,000; 4,000 4,000 4,000 93,200 
1.07 1.01 1.05 1.46 1.28 1.28 1.28 1.12 
19 4 19.4 16 17.7 17.7 17 7 17 7 13.0 
10.1 10.7 10.6 7.4 8.7 | 87 87 10.0 
10.1 10.1 84 9.25 9 25 9 .25 9 25 217 4 
4,000 4,240 »,050 3,200 +750 750 4.750 4.200 
368 391 is 06 136 336 336 i835 
| om — 
449 





Fig. 4—Plenum duct construction in Building F 





Fig. 5—Location of supply grille in Building F 


the ventilation standard within the interior without a 
material penalty in operating cost. The’ 75 hp refrig- 
eration machine with reduced capacity control is ar- 
ranged to operate with direct expansion evaporator coils 
located in the basement. 

Heating. The air conditioning equipment was fur- 
nished without for operating during the 


winter. 


pre Visions 
Building G—Cincinnati, Ohio 


Type of Building. A 15 story office building, consist- 
ing of 14 floors, was rented to individual tenants and 
one floor was used for office space by the owner. The 
lower 12 floors have an overall dimension of approxi- 
mately 100 ft x 60 ft, the upper three floors form a tower, 
roughly 60 ft x 60 ft. 

Zoning. Building is zoned east and west with sepa- 
rate recirculating fans on each floor receiving a supply 
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Fig. 6—Welded duct installed in Building CG 





Duct work painted in Building CG 


Fig. 7 


of conditioned air from the central station dehumidifiers 

Apparatus Location. Two dehumidifiers of the sp: 
type are installed, one being located on the fourth fi 
to take care of floors 1 to 5, the other being located 
the 10th floor in an equipment room. This latter 
humidifier supplies air to recirculating fans on eac! 
the upper 10 floors. A central water cooling systen 
located in the basement, chilled water being supplied | 
each of the two dehumidifiers under automatic contr 
in accordance with heat gain requirements. 

Local recirculating fans are used for the east and west 
zones, two fans per floor; they are located in the cent 
stair wells adjacent to the elevator shaft. 

Air Distribution. On this installation, an unusua 
type of system is utilized for the distribution of cond 
The supply ducts were 





tioned air over the space. 
ranged along the outside building wall, with air being 
discharged towards the center of the building. The duct 
work is installed to appear as false beams, with squar 
elbows being utilized throughout. The ductwork was 
reduced in size on the side of the outside wall, the spac 
between the wall and the bottom of the duct being filled 
by a sheet metal separation. 

Unique in the method of duct manufacture is the tact 
that the sheet metal joints were welded to appear as 
indicated in Fig. 6. The joints were then filled and two 
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Fig. 8—Room appearance 


before 
Building G 


duct 


installation 



















coats of paint were applied directly to the sheet metal 


without the use of furring or a plaster finish. 


The fin 


ished installation is shown by Fig. 7 which can be com- 


pared with the original building 


installation as indicated on 


Fig. 


appearance prior to the 
Ss. 


City water is utilized for condensing purposes under 


automatic control of a gas pressure actuated water reg- 
ulating valve, the quantity required being controlled in 


step with the automatic regulation of the refrigeration 


capacity. 
Refrigeration. 


A 210 hp central station water cooling 


system was furnished with one 150 hp manually con 


trolled compressor and one 60 hp automatic compressor. 


Each of the refrigerating 


machines 


18 


itself 


furnished 


with capacity reducing by-pass valves so that operation 


from 15 to 100 per cent capacity can be obtained with 
proportionate reduction in power input to the compres 
sor motors for reduction in heat gain within the space. 


Heating. 


Heating of the individual office space 1s 


obtained by the use of direct radiation. The air condi 


tioning equipment is operated during the winter time to 


supply to the conditioned space tempered, humidified 


outside air for ventilation purposes. 
thermostatic 


Auxiliary. Differential 


control 


of 


the 


pneumatic type is installed, with the summer indoor 


temperature automatically 


Floor Area, Sq Ft 
Ceiling Height, Ft 
Gross Room Volume, Cu Ft 
Number of People 
Floor Area per j 
Watts of Light 
Avg. Watts per Sq Ft Floor Area 
Min. Outside Air, Cfm 
Min. Outside Air, per Person, Cfm, 
Min. Outside Air, Changes per Hour 
Internal Sensible Tons 
Internal Latent Tons 
Total Internal Tons 
total Tons + Sens. Tons Int 
Vew-point Required, deg F 
tm from Dehumidifier 
lated Air, Cfm 
Ctr per Sq Ft of Floor Area 
ry-Bulb Diffusion Avg.. deg F 
lated Air Change, Min 
Refrigeration Required 

t 


*erson, Sq Ft 


Mult 


T 
vi lume per Ton, Cu F 
r Area per Ton, Sq Ft 


adjusted 


Table 7 


Ist 
FLooR 


2.890 | 
16.0 | 


16,300 

30 
96 3 
5.150 
1 78 
1,085 






in accordance with 


temperature, control 1s tut 
| 
? 


nished by automatic damper regulation of thi 


outdoor Localized zone 
quantil 
of dehumidified air supplied to each of the local recircu 
lating tans in the separate zones. 
Throw-away type filters are furnished for suppleme: 
tary cleaning of the air supply to the conditioned spac« 
In Table 7 are given complete technical data arranged 


by floors for this particular building 
Building H—St. Louis, Mo. 


This 12-story building has an wi 


Type of Building. 


usually large southern exposure with an exceedingly 
large percentage of the wall being glass. Sun effect or 
the heat gain due to the afternoon sun is the greatest 
single item of the total load and was, theretore, one « 


the governing factors of the design 
Zoning. Each floor of the building is designed witl 


separate recirculating fan. Supplementary control is tu 
nished for four independent zones including west sun 
zone, an east sun zone, a west shaded zone and an eas 


shaded zone, 
Apparatus Location 
lized on this project required the use of no ofthc flo 


The layout of equipment uti 


space. Local recirculating fans for each floor are mount: 
from the ceiling. 
The refrigeration equipment is located 


in the 


ment. In the space directly above, and in a court to the 


rear and outside, was built an air washer room wit! 
vertical supply and return duct risers located outside ot 
the building. 

Air Distribution. Duct work had to be run internally 


within the conditioned space and fitted around existing 
he 


degree 


shape ot th 


Dh hn 


absorbing ma 


cross-beams and girders which, due to t 
building, interfered to a considerabl 
ished duct 


terial is indicated in the photograph of the office spac 


work as furred-in with sound 


duct work in rela 
9 


shown in Fig. 9. The location of the 


tion to the building columns is indicated in Fig 
\ cooling tower of the 


Cooling lower forced draft 


type is installed for cooling the condensing water uti 
lized by the refrigeration plant. 

Refrigeration, The dichlorodifluoromethane water 
cooling system furnished for this project is of 400 hp 
capacity and divided into two compressor units Each 


200 hp unit is operated in conjunction with a singl 


Technical Data by Floors, Building G, Cincinnati, Ohio 


2nbD 
FLoor 
2,890 


11.0 
32,800 
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| 

3RD AND 4TH 
FLOORS 

Eacu Pioor 


2.890 
11.0 
32,800 
30 
96 3 
6,000 
2 OS 
770 
25 6 
1.40 
4 63 


5Tu 
Fr OOR 


4.940 

10 5 

51,500 
60 

82 3 

8.800 
1 78 

1,205 
20 

10 


6Tu TO Stu | Are ro litH 


Fioors Inc Fioors Ini 12TH 13TH l4ru ictal ToTA 
Each Fioor | Eacu Floor | FiLoor FLOoor FLoor FPLoor 
4940 4.440 4.940 3.60905 t,.025 110 60.910 
10 5 10 5 10 5 10 5 10 5 9 5 

{51 500 51,500 51,500 $8 800 $1,800 5.240 662.540 
5 45 15 35 $5 ri) 635 
109 5 109 5 109 5 105 2 86 5 62 O58 
8.800 8.800 8.800 5,650 5,400 5,400 110,000 
1 78 1 78 1 78 1 53 1.78 1.73 1 81 
1,205 1,205 1,205 906 743 825 15,509 
26 8 26.8 26.8 25 9 21 2 16.5 24.4 
1 40 1.40 1 40 1 40 1 40 1 40 1 41 
6 68 | 6 OS 7 82 5 60 4 92 7.11 o4 (0 
1 44 1.44 1 44 1.10 0 9S 1 Oo 19.0 
8 12 8 42 9 26 6 70 5 o0 8 13 113.0 
1 22 1 21 1 18 1 19 1 20 1.14 1.20 
57 3 57 5 iS 57 8 57 6 58 5 57 7 
+400 $580 4.100 2.910 2.440 $825 46.6000 
4.326 4.530 >, 380 3.820 4.200 5.184 62.4522 
0 &S 0 92 1 oo 1 03 1 O68 1 66 1 038 

17.9 Bee 16 7 16.9 17 8 159 17 
11.9 11 4 9 60 10.1 10.0 6.80 10 6 
12 56 12 82 13.61 10 03 8.72 11 26 169 8 
4,100 4,000 3,780 3,860 3,650 3,140 3,900 
393 384 362 368 | 347 276 359 
















Fig. 9—Duct installation of Building H 


water cooler of the shell and tube type to provide chilled 
water for dehumidification during summer operation of 
the equipment. 

Heating. Direct radiation was left in place and sup- 
plementary heating furnished by tempering outside air 
during winter operation. 

Auxiliary. Automatic controls of the pneumatic type 
are provided. The recirculating fans located on each 
floor are furnished with supplementary automatic vol- 
ume controls for the four zones on each floor to provide 
for further variation in heat gain. 

Throw-away type filters are furnished for air cleaning 
to supplement the action of the spray type air de- 
humidifier. 

Included in Table 8 are complete technical data ar- 
ranged by floors for Building H. 


Building I—Hershey, Pa. 


Type of Building. A complete 4-story windowless 
office building, shown in Fig. 10, is used as the home 
office building of a large manufacturer. The walls are 
insulated and a water level is maintained on the roof to 
reduce the heat gain added by the sun’s rays during 
summer operation. 


Zoning. With of 


insulated walls and the omission 


Table 8—Technical Data by Floors, Building H, St 
2ND, 4TH, 3rp, 5TH, 
Ist STH, 1OTH AND 6TH AND 
FLOOR lltH FLoors 7TH FLoors 
Each FLoor Each FLoor 
Floor Area, Sq Ft 8,401 8,938 8.081 
Ceiling Height, Ft 16.75 10 0 10 0 
Gross Room Volume, Cu Ft | 154,500 89,380 89,380 
Number of People 120 120 120 
Floor Area per Deseii. Sq Ft 70 74 67 
Watts of Light 17,890 17,890 17.890 
Avg. Watts per Sq Ft Floor Area 2.13 2 00 2.22 
Min. Outside Air, Cfm 3.870 2.215 2,215 
Min. Outside Air, Cfm per Person 32 2 18 6 18 4 
Min. Outside Air, Changes per Hour 1 50 1 50 1 50 
Internal Sensible Tons 26 9 17 4 17 4 
Internal Latent Tons 2.20 2 00 2 00 
Total Internal Tons 29 1 19 4 19 4 
Total Tons + Sens. Tons Int. Mult 1.08 1.11 1.11 
Dew-point Required, deg F 55 8 55 33 5 33 
Cfm from Dehumidifier 13,650 9,100 9,100 
Circulated Air, Cfm 15,200 13,100 13,100 
Cfm per Sq Ft of Floor Area 1 81 1 56 1 62 
Dry-Bulb Diffusion, Avg., deg F 20.2 15.0 15.0 
Circulated Air Changes, Min 10 2 6 80 6 80 
Tons Refrigeration Required 42 3 26 9 | 26.9 
Volume per Ton, Cu Ft 3,660 3,320 3,320 
Floor Area per Ton, Sq Ft 199 332 | 300 
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Fig. 10-—-Windowless office Building I 


windows, the needs for zoning are dependent almost 
tirely upon internal occupancy and internal loads. 
basement and first floor are supplied by one air co: 
tioning system, and the second and third floors by 
second air conditioning system. 

Apparatus Location. All of the 
ment for refrigeration and air conditioning is located 
the basement, with duct work being furnished to supp 
and recirculate the air to the several spaces. 

Air Distribution. Various types of air distributi 
are combined in the several floors of the building; s 


mechanical equi 


duct work being exposed where its appearance is | 
objectionable, while some is installed to appear as fals 
beams as illustrated in Fig. 11. 

Well water is used for condensing purposes. 

Refrigeration. Three 125 hp water cooling syste: 
are installed in the basement to provide chilled water 
the spray type dehumidifiers utilized in controlling 
temperature and humidity. 

Heating. Heating is accomplished entirely by 
direct method. The central station dehumidifiers 
provided with tempering and reheat coils which provid 
the full amount heat in the condition 
space. This is made possible by the insulation of t! 
walls and the fact that there are no windows or spaces 

with varying exposure. The 


al 


of necessary 


wall insulation tends to r 
- Louis, Mo. duce the amount of heat leak 
age to a minimum and the 
l2ru | Foon | _ lack of windows practically 
FLOOR 12-A Torats Sr . - Sie 
eliminates localized tmfiltra 
8.413 | 4,075 | 106,897 tion of outside air. 
10 0 9.0 4 = 
84,130 | 36,675 1.169.108 Austiary. A difterent 
120 75 1.515 i, P 
70 | 541 705 system of pneumatic tempera 
15.950 | 8.211 | 223041 7 5 a , 
i190} 196| 209 ture and humidity control 
2,100 920 20 040 . . 
I7 5 123/ 192 provided to automatically 
Fy a7 asi h just the indoor temperatur 
2 00 1 30 25 5 Sa Seen x ecteumne 
Fy. +s. Rs accordance with chang 
sot oe a tt outdoor temperature. 
25 64 56 | 55 4 
11,150 9.800 108,500 . o_¢ om~tp . . se fale 
isa00 | 18000 | 177°400 Throw-away type air fil 
I .88 3 68 1 .66 are furnished for air cleaning 
15 6 15.0 15.5 a z 
530; 240; 646 Complete technical data 
30.6 23.9 | 366 4 j , i 
2.750 | 1.540 3.180 Suilding I and arranged 
275 70 2 : ot a 
floors are given in Table 9 
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Fig. 11—Duct arrangement in Building I 


Building J—Wilmington, Del. 


Type of Building. 
constructed for occupancy by a single firm with the ex 
ception of the store space located in the lower floors 


This particular building was newly 


which was to be leased to individual tenants. 

In a new building of this type it was possible to install 
a system which did not interfere with the architectural 
treatment and that chosen in this particular case repre- 
sents a unique design. 

Zoning. 
basement, first and second floors. 
signed for the north stores, another system air condi- 
tioned south stores and a third system took care of the 
office spaces on the first and second floors. 

The remainder of the building was zoned into north 
and south, with apparatus on the 14th floor taking care 
of the north portion of the third to thirteenth floors, 
while a separate unit on the 15th floor level is provided 
for the south half of the third to thirteenth floors. 


Three separate zones were selected for the 
One system was de 


Apparatus Location. An 800 hp water cooling sys- 
tem is located in the basement with 3 spray type air de- 
humidifiers to air condition the space up to and includ- 
ing the second floor. Dehumidifiers for floors three to 
thirteen are located on 14 to 15 floor levels, with the 
south zone being located on the fifteenth 
floor directly above the north zone unit 
on the fourteenth floor. 

Air Distribution. On the lower floors 
an overhead plaque system of air distri- 






Table 





Fig. 12—Radiator enclosure in Building J 








graph of an actual radiator enclosure is illustrated in 
Fig. 12, which serves the double function of providing 
winter heating and also as a means of introducing a sup 
ply of conditioned air. The lattice grille opening at the 
the floor 


The rear openings neat 


floor line insures recirculation of room air at 
level during winter operation. 
est the window pane are directly above a finned direct 
heating surface located in the unit. The air is discharged 
vertically from these openings with room air being with 
drawn from the floor line, passed over the heating sur 
face and then out through the openings in the top of the 
unit to provide a current of warm air directly in front 
of the window pane. 

The front row of openings on the room side of th 
enclosure and in the top of the unit, conceal oval-shaped 
air discharge orifices through which cold dehumidified 
air is discharged in the summertime and through which 
tempered, humidified, outside air is introduced in the 
wintertime. This front row of openings is the only sup 
ply of conditioned air to the room itself for temperature 
control and can be manually adjusted by a regulator 
provided in the top of the enclosure. The second control 
knob serves as a means of adjustment for the self-con 
tained steam regulating valve for winter heating control 

Vertical duct risers from the third floor to the four 


9—Technical Data by Floors, Building I, Hershey, Pa. 
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bution is installed in the conventional 
manner with duct work being concealed 
in the furred ceilings above the condi- 
tioned space. 

On floors 3 to 13, radiator enclos- 
ures Or air mixing units of the high 
pressure type are provided of such a 
design that considerable air from the 
room is mixed in the summer time with 
the cold supply air issuing from the ori- 
fices in the top of the radiator enclos- 
ure so that the temperature of the air 
stream 3 ft from the supply opening is 
at least 15 F higher than the tempera- 
ture of air in the supply duct. A photo- 
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Bast j Ist 2nD IRD 

MENT PLoor Froor | Foor ToTALs 
Floor Area. Sq Ft 31,500 35,000 1.529 | 50.090 | 168.128 
Ceiling Height. Ft 10 0 17.66 | 12 0 40 | 
Gross Room Volume, Cu Ft 115,000 618,120 | 621,350 701,400 2.492.106 
Number of Peopk 40 1,030 | 772 173 2.015 
Floor Area per Person, Sq Ft 787 34 668 200 g2 7 
Watts of Light 94,500 94.158 | 115,536 102.750 406.944 
Avg. Watts per Sq Ft Floor Area 3.0 269 | 224 | 2.06 2.42 
Min. Outside Air, Cfn 065 | 5.315 | 6,48 3,280 18.245 
Min. Outside Air, Cfm per 'Persor 76.6 | S.1 | 84 | 19.5 9 O7 
Min. Outside Air, Changes per Hour 0.58 0.52 | 062 | 0.28 0.44 
Internal Sensible Tons 96 2 63.5 56.5 | gs 8 305.0 
Internal Latent Tons | 0.7 16.9 11.7 | 2.2 31.5 
Total Internal Tons 96 9 80.4 | 68.2 | 91.0 336 5 
Total Tons + Sens. Tons Int. Mult 1.00 26 21 | 1.02 1.10 
Dew-point Requ 61 61 52 53 60 
Cfm from Dehur 44,600 29,400 24,730 43,600 142,330 
Circulated Air, ( 9,500 | 43,700 53,700 | 82.700 239,600 
Cfm per Sa Ft of Floor 1.89 | 1 .25 1.04 | 1.45 1.42 
Dry-Bulb Diffusion, Avg eg is | 16 1.5 | 1.9 | 11.9 
Circulated Air Change 5.3 14.1 11.6 8.5 104 
Tons Refrigeration Req 112 6 04.3 04.5 110 3 411.7 
Volume per Ton, C1 2,800 | 6,550 6,590 6.350 | 6,050 
Floor Area per Ton, Sq 280 371 546 | 455 408 
Inside Air Design Conditi 85 F DB 85 F DB 85 F DB | 70 F DB 

45% RH | 50% RH & i | 50@ RH 








Table 10—Technical Data by Floors, Building J, Wilmington, Del. 


















































BETWEEN 
GrRouND Ist 2ND 3RD TO OTH 10TH 10TH AND litH litH 12TH 13TH 
FLoor FLoor PLoor Fioor Inc. FLoor FLoors MgEr- PLoor FLOoR FLoor Tora 
Eacu FPLoor ING Room | | 

Floor Area, Sq Ft........ 14,130 18,800 18,800 13,400 12,180 1 220 eT 3.400 9,700 9.700 | 190 
Ceiling Height, Ft...... 13.5 11.0 11.0 10.58 10.58 16.0 10.58 10.58 10 58 | 
Gross Room Volume, Cu Ft...... 190,600 | 206,800 | 206,800 141,800 128,500 19,520 141,800 102,200 102,200 | 2,071 
Number of People... . . 354 IS4 194 134 117 100 117 90 90 2 
Floor Area per Person, Sq Ft.. 40 102 97 100 104 122 114 108 108 ft) 
Wee BAG d as 0scnkeds on da.0 5° ; 42,440 6,400 56,400 40,200 35,100 5,100 35,100 29,100 29,100 5 
Avg. Watts per Sq Ft Floor Area 2.99 3.0 3.00 3.00 2.88 4.18 26 3.0 3.0 2 
Min. Outside Air, Cfm.......... 8,850 4,800 5,200 3,070 2.690 830 3.800 3,040 3,150 53. 
Min. Outside Air, Cfm per Person 25 26 26.8 22.9 23.0 8.3 32.4 33.8 35 | 2 
Min. Outside Air, pend eek Hour 2.78 1.39 1 51 1.3 1.25 2.5 1.61 1.78 2.1] I 
Internal Sensible Tons. . a7 36.2 25.5 27.9 18.5 16.2 5.0 22.9 18.3 18.9 | 29 
iptarag Latest etn 649 00,040 4.6 3.9 4.3 1.7 14 1.3 1.4 1.1 1.1 | 2 

Total Internal Tons. . 40.8 29 .4 32.2 20.2 17.6 6.3 24.3 19.4 | 20.0 32 
Total Tons + Sens. Tons = Int. Mult 1.13 1.18 1.18 1.09 1.09 26 1 06 1.06 | 1 06 ! 
Dew-point Required, deg F. . veel 58.5 58.0 58 58 59 56.5 57.6 7.6 | 7 6 5 
Cfm trom Dehumidifier... ... : 18,650 13,500 14,700 9.210 8,050 2,500 11,400 9,100 9,480 149 
Circulated Air, Cfm..... 18,650 13,500 14,700 9,210 8,050 2,500 11,400 9,100 | 9,480 149 
Cim oe § 3q_ Ft of Floor Area. . ee es 0.72} 0.78 069 | 0.66 2.0 0.85 0.94 0.97 0.78 
Dry- iffusion, Avg.. deg F 21.5 22 22 2 «(| 21 23.5 22.4 22.4 22.4 
Capctoned Air Change, Min 10.2 15.3 14.1 15.4 16.0 | 7.8 12.4 | 11.2 10.8 
Tons Refrigeration Required. ay : 65.5 48.0 52.0 31.4 25.5 | 7.9 39.9 | 31.8 33.1 l 
Volume per Ton, Cu Ft......... | 2,910 4,300 3,980 4,500 5,050 | 2,480 3,550 | 3,220 | 3,100 i 
Floor Area per Ton, Sq Ft... ... 216 | 392 | 362 426 476 | 155 336 | 305 | 293 
teenth floor are run along the outside walls adjacent to introduced to the building to maintain a definite sta: 


the air mixing units located under the windows and con- 
nections are made from the vertical duct risers to each 
unit. The duct risers are arranged along the outside 
wall adjacent to columns. 

Cooling Tower. A forced draft cooling tower is fur- 
nished for reclaiming the condensing water utilized by 
the refrigeration system installed for summer dehumidi- 
fication purposes. 

Refrigeration. A water cooling 
with two 400 hp compressors is 
ment. Chilled water is circulated from the refrigerating 
system through heat exchanging surfaces in the spray 
type air dehumidifiers. Spare refrigeration capacity is 
future extension of the air conditioned 


system of 800 hp size 
installed in the base- 


provided for 
space. 
Heating. 
finned heaters concealed within the 
which serve as a means for air distribution summer and 
winter. Dehumidified air tempered to the room tem- 
perature is supplied to the air mixing units through the 
duct work used in the summertime for cooling. 
Auxiliary. A differential type of temperature humid- 
ity control is utilized which the indoor temperature 
is automatically regulated in accordance with the outside 


Winter heating is obtained by the use of 
radiator enclosures 


street temperature. 

Automatic, oil type filters are furnished for air clean- 
ing. 

In Table 10 are given complete technical data for 
Building J arranged by floors. 


Composite Summary of Technical Data 


In further explanation of the technical data submitted 
for each of the foregoing buildings, certain of the items 
tabulated may be further amplified. 

The item floor area in square feet includes only the 
net air conditioned space to which air is supplied from 
the system. 

The minimum outside air cfm is that quantity of out- 
side air introduced to the air conditioning system under 
a condition of maximum load at the design point tab- 
This is the quantity of outside air 
has been estimated to be 


ulated in each case. 


including infiltration which 


354 


ard of air purity within the enclosure. 

The internal sensible tons is the internal sensible | 
gain within the conditioned space including heat tra: 
mission through the walls and heat from elect 
lighting, sensible heat from people and any other sow 
of dry heat within the enclosure itself, which is a co 
ponent part of the internal sensible heat gain. The i: 
ternal sensible load also includes that small portion 
the outside air which infiltrates direct to the condition 
space thereby adding to the internal sensible heat load 

The internal latent tons includes the internal latent 
heat load within the conditioned space including the 
tent heat of infiltrated outside air exclusive of outsi 
air introduced into the air conditioning apparatus 
ventilation purposes. 

The term internal multiplier which is defined as { 
tons divided by senstble tons is the ratio of total interna 
heat to internal sensible heat. This relationship is set 
up to determine the dew-point of the air required to | 
supplied to the conditioned space for maintaining 
predetermined condition of temperature and humidit 
for the calculated internal, sensible and latent, heat loa 

The term dry bulb diffusion average is the tempera 
ture rise experienced by the supply air from the time 
leaves the supply register until it is withdrawn from 1! 
room through the return air grille. This term diffus 
is also the temperature range through which a specif 
quantity of circulated air would be warmed in absor! 
ing the internal sensible heat load in the condition 
space. 

The circulated air change in minutes is the num! 
of minutes required for the complete room volum 
be displaced by the supply fan air quantity. This 
therefore, the cubical content of the building divided | 
the fan air capacity in cubic feet per minute. 

The term tons refrigeration required is the internal 
total sensible and latent load plus the load due to o1 
side air introduced under maximum conditions for ve 
tilation purposes. 

The cubic feet volume per ton and square feet fl 
area per ton are based upon the particular values as tab 
ulated insofar as they relate to the total refrigeration r 
quired. 

A study of the technical data in Tables 2 


glass, 
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No two of these buildings were designed in exactly 


sive will show the floor to floor variation of typical office 
buildings. These values are totaled or averaged and 
compiled in the composite summary of Table 11 compar- 
ing the 10 air conditioning systems on an overall basis. 

This composite summary reveals that insofar as pop- 
ulation density is concerned this factor varies over a 
wide range from a minimum of 64 sq ft of floor area 
per person in Building B to 142 sq ft of floor area per 
person in Building A. 

The average lighting in watts per square foot of floor 
area also varies over a wide range and is usually the 
amount of lighting required simultaneously with maxi- 
mum sun effect on a given building. This particular 
value has a tendency to be increased due to possibility 
of widespread adoption of indirect lighting systems of 
extreme intensity which will have a definite bearing 
upon the required capacity of the air conditioning plant. 
The maximum average lighting load simultaneous with 
maximum sun effect is that tabulated for Building J or 
2.97 w per square foot of floor area. 

As for outside air supply furnished for ventilation pur- 
poses, the normal minimum infiltration will generally 
supply in a typical office building a liberal amount of 
outside air for maintaining an unusually high ventilation 
standard. Where the quantity of outside air is definitely 
controllable, as is also the population density within the 
space, the quantity of outside air introduced in cubic 
feet per minute per person can be more closely regulated. 
The windowless office Building I in which infiltration 
can be reduced to an absolute minimum through the 
elimination of windows, was installed using 9.07 cfm 
of outside air per person against the maximt'm outside 
air quantity computed for Building F of 100 cfm per 
person. 

The minimum outside air supply ranges from 0.44 
changes per hour in the windowless Building I to 3.88 
changes per hour in Building F where climatic condi- 
tions economically permitted the use of 100 per cent 
outside air. 

The air circulated through the conditioned space ranged 
from 0.71 cfm per square foot in Building A to 1.66 cfm 
per square foot in Building H, the latter quantity being 
required by the unusually large portion of glass in the 
walls and the large exposure to sun effect. 

The circulated air change ranges from a maximum cir- 
culation of 6.6 min air change for Building H to a 17.9 
min air change for Building A. 

The cubic volume per ton of calculated refrigeration 
load ranges from a minimum of 2880 cu ft per ton to 
a maximum of 6050 cu ft per ton in Buildings B and I 
respectively. Thus, the windowless office building, 
Building I which would not have been possible without 
air conditioning, indicates the reduction in first cost for 
air conditioning equipment if the building factor is con- 
trolled. A reduction in operating cost per cubic foot 
of conditioned space would likewise result with an in- 
sulated building of the windowless type such as Building 
I. A variation in floor area per ton ranges from 217 
sq ft per ton in Building B up to 574 sq ft per ton in 
Building D. 

Conclusions 


The analyses and summaries herein presented are 
descriptive of building air conditioning installations in 
ten buildings located throughout the United States. 


356 


the same manner. It is possible by making use of the 
various alternate methods of installing an air condition 
ing system in an office building to make such an instaila- 
tion in many different ways, when it is considered ¢)at 

there are many types of equipment available with many 
alternates which can be offered for accomplishing a def 

nite specified and guaranteed result. 

The variables in application factors which are beyond 
control of the designing engineer are numerous and jt 
would thus be futile to specify a given set of rigid stand. 4 
ards to govern the installation of air conditioning sys- 
tems in office buildings. 

It does appear to be practical, however, to compare 
the overall average composite data selected from a large 
group of representative large sized installations to es 
tablish the limits which have been successfully applied 
in experience to produce for the purchasing public a 
satisfactory result in air conditioning. 

With the many types of air conditioning apparatus 
available, and the numerous application factors encount 
ered, the air conditioning engineer will find the offic: 
building air conditioning system a test of ingenuity and 
resourcefulness if the most economical system is to ly 
selected for each and every installation. 





A. S. T. M. Committee on Thermal 


Insulating Materials 


As a result of discussions over several years concert 
ing the desirability of undertaking work in the field oi 
thermal insulating materials, the American Society f{ 
Testing Materials has organized a new standing con 
mittee designated C-16 on Thermal Insulating Materials 

For some years A.S.T.M. Committee C-8 on Refra 
tories has had important standasdization and _ reseat 
work under way involving materials generally conside: 
in the field of high-temperature insulations. The new 
Committee C-16 will undertake work on insulations fo 
use at somewhat lower temperatures, as for example, 1! 
the piping field and similar type industrial insulations 

For the time being it is not proposed to include t! 
housing insulations, although a number of tests appli 
able to the industrial insulations will no doubt also } 
of interest in connection with other types of insulatio 

At the organization meeting on March 10 the con 
mittee discussed the possibility of developing tests 
the following properties: handleability, hardness, abra 
sive resistance, modulus of rupture, compress! 
strength, loss of weight, volume shrinkage, shrinkag« 
drying (plastic materials), slump (plastic materials 
coverage (plastic materials), adhesiveness (plastic ma 
terials), surface finish (plastic materials), and vibrator) 
tests. 

Mention was also made of the various thermal proj 
erties of interest in addition to thermal conductivit 
namely, properties such as specific heat, coefficient ©! 
expansion, etc. The committee is working in clos: 
operation with the AMERICAN Society oF HEAatin 
AND VENTILATING ENGINEERS, particularly with respect 
to the determination of thermal conductivity. 
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Meeting in the Mountains 


The Homestead ..... . Hot Springs, Va. ...... June 20.22 


IGH in the hills of historic Virginia, A.S.H.V.E. mem and the Committee on Arrangements plans 

bers will find the 1938 Summer Meeting place a pi of entertainment for members and ladies 

turesque spot that is cool, invigorating and famed for Service at the Homestead is on the American Plan a 
its scenic beauty. The Homestead, where the meeting will be daily rate includes room and bath with three meal 


held June 20 to 22, provides every facility for rest or recrea- € no extra charge tor the banquet t ik e¢ Homestea 
; ; Plans should be made now to come t ts 

tion and is accessible from all parts of the United States by . ; © mace wt me to H 

, to 22 where ; oval lcot awaits « vot Societ 
railroad or automobile. —s = ve woes Swaes ce pene 

, : oo eee : ers in Virginia, West Virginia and the Officers of the Atlant 
The scenic and historic beauties of Virginia are well known 


5 ; Washington and Cincinnati Chapters will have charge: f the 
and motorists from the north, east and south can enjoy the new ovenmensinmie aN a ke IAD 
Skyline Highway enroute to Hot Springs. Others may want nelly, Chairman, Largent: I. B. Helburn. Cincinnati: R. M 
to make side trips to Natural Bridge, the Caverns, Monticello Johnston, Blacksburg: E. W. Klein. Atlanta: L. F. Nordin 

r Williamsburg Washington, D. C.; J. K. Peebles, Charlottesville: J. A. Shan! 
\ technical program of unusual interest has been prepared Charleston 
TENTATIVE PROGRAGCI 
(All Events Eastern Standard 7 ime) 
Sunday, June 19 Performance of Surface Coil Del 
2:00 p.m. Meeting of the Council Comfort Air Conditioning owe fy 
Vonday, June 20 L. T. Seigel 
8:30 a.m. Registration 10:30 a.m. Ladies Golf and Putting Contest 
1:30 asm. TECHNICAL SESSION 2:00 pre. Golf Tournament (Cascade Course 18 Hole Me 
\ Test Method for Air Cleaning, by R. S. Dill Play) (Research and Chapter Cups 
The Flow of Air Through Exhaust Grilles, by A 2:00 p.m. Motor Trip and Inspection of Covington Paper M 
M. Greene, Jr., and M. H. Dean 2:30 p.m. Ladies Bridge and Tea 
The Condensation Nuclei Content of the Air as 7:00 p.m. Semi-Annual Banquet and Dane: 
Related to Air Freshness, by R. A. Nielsen Wednesday. June 22 
11:30 a.m. Concert for Ladies ' 3 
1:30 a.m TECHNICAL SESSION 


2:00 p.m. Golf Tournament (Homestead Course) (18 Hole 


al 4 Seasonal Variations in Effective Temperature R« 
Kickers Handicap) 


quirements by F. | Ciesecke W H. Badgett 


2:30 p.m. Tennis Tournament 
and F. C, Houghten 


30 pm. Carriage Ride (Skyline Drive) 


| Cooling Requirements for Summer Comfort A 
5:00 p.m. Movies 


’ Conditioning in Toronto, | ( Tasker 
8:30 p.m. Bridge Party 


- ‘ . The General Reactions of 275 Workers to Sun 
10:00 p.m. Dancing (Crystal Room) 


mer Cooling and Air Conditioning, by A. B 






Tuesday, June 21 Newton and F. C. Houghten 
1:30 a.m. TECHNICAL SESSION: Study of Summer Cooling in the Research Resi 
Heat Transfer Through Single and Double Glaz dence Using a Small Capacity Mechanical Cor 
ing, by M. L. Carr, R. A. Miller, Leighton Orr densing Unit, by A. P. Kratz, S. Konzo, M 
and Alan C. Byers K. Fahnestock and E. L. Broderick 
Glass Heat Transfer Coefficients, by D. Shore 2:00 p.m. Golf Tournament 
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the two organizations in correlating any research which n 


Pres. Gurney Addresses Chapters 


Pres. E. Holt Gurney, Toronto, has returned recently from 
an extended trip which took him to the Pacific Coast on a visit 
to a number of A.S.H.V.E. Chapters. The talk which he gave 
showed how Air Conditioning Brings Human Problems to the 
Engineer and he had numerous speaking engagements in the 
following cities. 

His first stop was in St. Leuis, where he addressed a meet- 
ing of the St. Louis Chapter on February 28. In New Orleans 
in addition to a luncheon meeting, on March 3 President Gurney 
spoke at Tulane University to a group which included local 
members of the A.S.H.V.E., the Louisiana Engineering Society, 
the New Orleans Public Service, Inc., and members of the 
faculties and engineering students at Tulane and Louisiana State 
Universities. On March 5 a meeting of the Texas Chapter 
was held at Houston, with a record attendance for the Chapter. 

Traveling to the coast, he visited Los Angeles and the South- 
ern California Chapter where he was the featured speaker at 
a meeting on March 14. At Berkeley President Gurney gave 
a lecture before the College of Engineering, of the University 
of California on March 16, where the students were particularly 
interested in the work of the Society. Members of the Society’s 
Golden Gate Chapter at San Francisco entertained President 
Gurney as their guest on March 18 and on this occasion he 
had the pleasure of presenting them with their charter. Engi- 
neering students and members of the faculty of Oregon State 
College, Corvallis, heard an address by President Gurney on 
March 21, when he was able to visit them during part of the 
day. On March 22 he spoke to the Pacific Northwest Chapter 
of the A.S.H.V.E. in Seattle, Wash. and on April 12 he 
visited the Manitoba Chapter at Winnipeg 

President Gurney was accompanied on the trip by Mrs. 
Gurney and they have both expressed their appreciation of the 
hospitality and friendliness extended to them wherever they 
visited. 

After a few days in Toronto President Gurney’s schedule 
calls for him to address the Western New York Chapter on 
April 25, following a Council meeting in Buffalo, and to visit 
the Michigan Chapter at Detroit on April 28, the Illinois Chapter 
at Chicago on May 9, and the Wisconsin Chapter at Mil- 
waukee on May 10. 


W. L. Fleisher Visits Europe 

On April 4, W. L. Fleisher, chairman of Committee on Re- 
search, returned to New York on the Queen Mary after an ex- 
tended trip to England, Belgium and France, where he had the 
opportunity to interview leading authorities in the political and 
scientific fields. 

Soon after his arrival in London, he met Thomas Chester and 
attended a meeting of the /nstitution of Heating and Ventilating 
Engineers on March 2, where Mr. Fleisher outlined the research 
activities of the A. S. H. V. E. before 100 members present. At 
this time he emphasized the importance of cooperation between 





Seated at the Chief Engineer’s Dinner on the Queen Mary: 

(left to right) L. J. Fowler, London; C. H. Crabtree, Bradford; 

W. Sutcliffe, staff chief engineer, Queen Mary; W. L. Fleisher, 

New York, chairman, Committee on Research; and W. G. Case, 
London 


be of mutual interest. 

Climatic conditions in England were observed as being ; 
different than in America, and it was apparent to Mr. File: 
that the Comfort Chart would undoubtedly have to be mod 
to satisfy English conditions. There was some evidence 
sented to him which indicated that the effective temperatur: 
might be approximately 68-69 deg ET as the optimum su 
condition for London. It is expected that current resear: 
this field will be developed in the near future which will n 
it possible to study the reactions of the English people to va: 
air conditioning environments. 

On the 11th of March, Mr. Fleisher made a speech lx 
the Societe des Ingenieurs et Industriels of Belgium, 
was delivered in English and later translated into Frenc! r 
reproduction in their engineering proceedings. 

A conference was arranged with Prof. André Missenar 
Paris on March 15, and Mr. Fleisher reports a very interesting 
discussion with him on research problems connected with « 
fort and health on the continent. It seemed that Professor Mis 
senard was especially interested in the progress which we 
making in applying air conditioning to the treatment of dis 
and especially its use in fever therapy. 

Before returning to the United States, Mr. Fleisher 
some time at Cambridge University where he delivered a lect 
before the engineering students under the direction of Profes 
Inglis. This discussion dealt primarily with an outline of air 
conditioning and its particular opportunity in England as 
career profession. 

The Institution of Heating and Ventilating Engineers 
sufficiently interested in his brief and extemporaneous talk 
March 2 to ask him to give a complete lecture on Air Condi 
tioning with Reference to Effective Temperature, which he ck 
livered on March 28 before about 200 members and _ invited 
guests, including members of the English Gas Association. AI 
though his talk was of a very simple character, the questions 
brought out by it covered the whole field of research and sh 
be of great interest to the AmMerIcAN Society oF HEATING AN 
VENTILATING ENGINEERS when they are published in the / 
of the Institution of Heating and Ventilating Engineers, whi 
is to be done shortly. 

Mr. Fleisher had great opportunity while in England and 
the Continent to discuss gas defense and the conditioning of ur 
derground storage spaces not only for the storage of ammun! 
tions, but also for the safety and accommodation of the peopl 
The greatest interest in England today and the greatest oppo 
tunity for air conditioning installation, he states, lies in 
particular field. 


Appointment of Public Health Committee 
Pres. E. Holt Gurney has announced the selection of 
personnel for a Committee on Engineering In Its Relation 
Public Health which consists of J. J. Aeberly, chairman, W. H | 
Carrier, Philip Drinker, E. V. Hill, John Howatt, A. C. Wil 





lard and B. M. Woods. \ 
The purpose of this committee is to serve the fields of eng! 
neering and public health and bring about a closer relationship t 
and coordination of comfort between the doctor and engineer t 
This group is also to cooperate with the Society’s Committe: ' 
on Research in preparing a standard method of procedure for ‘ 
handling all matters of Society work dealing with health. , 
On June 6-9, 1938, the 23rd annual meeting of the America . 
Association of Industrial Physicians and Surgeons will be held 
concurrently with the second annual Midwest Conference 
Occupational Diseases at the Palmer House, Chicago, Ill. Th ¢ 
program is of interest to engineers, industrialists, hygienists and 
chemists, as well as physicians and surgeons. ( 
l 
Educational Forum ‘ 
Beginning on April 12 six weekly forum meetings will be held Vi 
in Washington, D. C. every Tuesday evening where the latest \ 
Heatinc, Prewnc ann Am Conprtioninc, May, 1938 H 











thoughts and recommendations of experts in the field of heating, 
ventilating and air conditioning will be presented. The list of 
speakers includes E. N. Foss, M. P. Isaminger, W. R. Lockhart, 
H Peacock, D. M. Robinson, F. E. 

rhe forum is intended for owners, engineers and operators 


Spurney, and T. H. Urdahl. 


» anyone having any degree of responsibility in providing health- 


fs! and comfortable conditions for public assembly. 


iu 


The project 
i being sponsored by the Health Department of the District of 
Columbia in conjunction with an Industry Advisory Committee 
which is composed of C. F. Health De- 
sartment; Dr. C. C. Dauer, Health Department, W. B. Hender- 
Air Conditioning Manufacturers’ 


Browning, chairman, 


—_ Association, E. V. Fineran, 
Washington Gas Light Co., R. H. Lucas, office of the Plumbing 
Ourusoff, president, Washington, D. C. 


Inspector, Li. Chapter, 


\werICAN Soctety oF HEATING AND VENTILATING ENGINEERS, 


S L. Gregg, Potomac Electric Power Co., and J. S. Bartlett, 


Flectric Institute of Washington. 


F. W. Morse Elected Vice-President 
Announcement has been made of the election of F. W. Morse 
as vice-president and director of the Chamberlin Metal Weather 


Mich., in 


service rendered the company. 


Strip Co., Detroit, recognition of his ability and 
Northern Ohio Chapter 


1938. The 


held at the Cleveland Club was attended by 92 members and 


January 12, meeting of Northern Ohio Chapter 
guests, 48 being present for dinner, according to the report of 
Secy. C. A. McKeeman. Following the reading and acceptance 


of the minutes, were received from the treasurer and 
the Entertainment Committee. 


L. T. Avery reported favorably 


rej rts 


for the Standards Committec 
Air Con- 
ditioning to the effect that it was a step in the right direction 


on the Code of Minimum Requirements for Comfort 


and should have the support of Society members, 

Mr. Avery also reported briefly on the status of the movement 
to bring the 1940 Annual Meeting of the Society and Exposi- 
tion to Cleveland. 

\ communication was read from M. F. Rather that his moving 
to New 


Northern Ohio Chapter activities and he 


York would make it necessary for him to retire from 
expressed his regret 
at breaking off the former pleasant associations. Mr. Avery 
then voiced the appreciation of the Chapter for the interest and 
i918. A 


made and passed that: Max Rather be given Godspeed by the 


active part taken by Mr. Rather since motion was 
Chapter as an expression of appreciation for his work in the 
Northern Ohio Chapter. 
The names of P. D. Gayman and H. P. Rankine, Jr. were 
presented to the Chapter and duly elected. 
The speaker of Prof. C.-E. A, Winslow, 


New Haven, Conn., who gave a very interesting talk on the 


the evening was 


Effect of Radiation on the Human Body, followed by an active 
question period. 


Wisconsin Chapter 

February 21, 1938. A dinner and meeting of Wisconsin Chap- 
ter was held at the City Club, and C. H. Randolph introduced 
the coffee speaker, D. J. McNally, Better Business Bureau, Mil- 
Mr. McNally told of schemes 
advertising and 


waukee Association of Commerce. 
employed by 
methods used to combat 


merchants in their advised of 
fraudulent advertising with warnings 
and court orders. 

Pres. J. H. Volk held a short business meeting in which the 
new amendment for the change in the election of the Board of 
Governors was discussed, voted upon and passed. 
The speaker of the evening, F. R. 
Co 


Bichowsky, Dow Chemical 
\nn Arbor, Mich., gave a talk on Air Conditioning with 
Lithium Chloride, dehumidification 
without refrigeration from its earliest stages, together with the 
various methods employed and the chemicals used in such work. 
Mr. Bichowsky explained the difference from the usual silica-gel 


presenting the history of 
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and activated alumina type of dehumidification with that of 


continuous process used in the lithium chloride method He 


further explained the simplicity of control with lithium chlor 


by regulating its concentration 


Secy. H. C. Frentzel reports that the talk was enlightening 
and technical in nature and was of interest to the member 
and guests. 
ve . . ¥ 
Cincinnati Chapter 

February 8, 1938. On this date members of the Cincinnat 


Middletown, Ohio 

the afternoon 18 were conducted on a tour through the plant of 
Rolling Mill 
sheet products. At 6:30 p. m 
at the Hotel, 
followed was presided over by Pres. | 


Chapter held their regular meeting in 


the American Co. to view the manufacturing of 
dinner was served to 40 member 
Middletown, and the meeting whi 


B. Helburn 


Manchester 


Announcement was made regarding the annual meeting of th 
Technical Scientific Societies Council of the City of Cincinnati 
February 18, at Cincinnati, with Miller McClintock, director 
Bureau of Street & Traffic Research, Harvard University, as 
speaker on the subject of Traffic in the City of Tomorrow 


President Helburn then introduced Dr. Anson Hayes, director 
American Rolling Mill Co. who gave an addre 
Activities in the Steel 


of resear¢ h, 


on Research Industry Dr laves tol 


of the necessity for and the problems of research in the stee 


industry in order to provide the requirements for the necessities 


of life, namely, food, clothing, shelter, transportatior Aft 


this interesting address, the meeting adjourned to the new 


research building, where, following an inspection trip, an er 


thusiastic vote of thanks was given to Dr. Hayes, Tom Byrd and 


many others who helped to provide an interesting and enjoyabl 
day and evening, according to the report of Secy. H. E. Sproull 
New York Chapter 

March 21, 1938. The design of a heating plant for a small 
house was the subject of the meeting of the New York Chapter 
held at the Building Trades Club, New York City, when 70 


Heibel 
Chapter 


members and guests attended, and Pres. W. ! presided 


Plans for a house were sent to members of the ve fore 
which totaled 


asked to 
j 


prepared to discuss what type heating system should be installed 


giving dimensions and heat losses 


70,000 Btu per 


the meeting, 


hour, and the members wer come 
Three speakers had been previously selected to present detailed 


M. C. 


house which included a steel warm-air oil-burning furnace 


plans for heating. Barnum showed his plans for the 


plete with humidifier and air filters R. L. Stinard presented 


plans for heating the house with a one-pipe steam system, includ 


ing a humidifying device in which the moist air was introduced 


\ similar plan of humidifying was used 


into the living room. 
by T. 


sented for heating the house with a forced hot 


W. Reynolds, secretary of the Chapter, in plans he pre 
water plant 
Following the formal presentation of the three plans, the 
meeting was thrown open for a discussion which was lively and 
participated in by members and guests. 

of the season 


Fe de ral 


Announcement was made that at the last meeting 
in May the speaker would be a representative of the 
Bureau of Investigation 


February 21, 1938. Steam jet refrigeration as applied to air 
conditioning was the subject of the regular monthly mecting of 
the New York Chapter, held at the Building Trades Employers 
Club. The speakers of the evening were A. R. Mumford and A 
\. Markson, research engineer and assistant research engineer, 
respectively, of the New York Steam Corp. 

The speakers showed that if steam jet refrigeration for air 
conditioning were applied to 10 per cent of the space now served 
by district steam in New York, the local utility’s load factor 
or ratio of the average month to the peak month would increase 
from 47.35 per cent to 51.6 per cent, while if 20 per cent of the 
space were conditioned, the annual load factor would be 56.0 
per cent. The purpose of the speakers’ talk was to demonstrate 
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and discuss air conditioning applications which fall into the 
economical range of water vapor refrigeration; to show that 
steam jet refrigeration should be treated as a direct process in 
order to obtain real operating advantages in economies; to 
familiarize engineers with the load characteristics of steam jet 
apparatus, and to discuss condenser water from a constructive 
engineering viewpoint. 

They analyzed steam jet refrigeration and explored its limita- 
tions theoretically and then applied some of their findings to 
steam jet installations operating in New York City. They pointed 
out that where central station steam is available in Manhattan 
the operating costs of steam jet are such that it cannot be dis- 
regarded in any economic set-up. 

Following their talk, Charles Hoffman, chief engineer, First 
National Bank Bldg., New York, spoke regarding some of his 
operating experiences where steam jet equipment is being used. 
O,. L. Maddux, a visitor from Hamilton, Ont., discussed his find- 
ings and pointed out that the observed results agreed with the 
work done at the A. S. H. V. E. Research Laboratory in Pitts- 


burgh. 


Western Michigan Chapter 


March 30, 1938. The regular monthly meeting of Western 
Michigan Chapter was held at Michigan State College, East 
Lansing, in conjunction with the seventh annual session of the 
Forced Warm Air Conference. At the banquet in the ballroom 
of the Union Building about 250 members of the Western Michi- 
gan Chapter and conference attendants were served, and among 
this number were 15 or 20 members of the Michigan Chapter 
of the A. S. H. V. E. 

The speaker of the evening was J. F. McIntire, Detroit, 
Mich., 1st vice-president of the A. S. H. V. E., whose subject 
was Research and Air Conditioning—Magic Words. 

Short informal talks were made by Prof. J. D. Hoffman, West 
Lafayette, Ind., chairman of the Code Committee of the National 
Warm Air Heating and Air Conditioning Association, and L. R. 
Taylor, president of the Association. 

In view of the special character of the meeting, all routine 
business of the Western Michigan Chapter was dispensed with 
until April. 

February 14, 1938. At a meeting of the Western Michigan 
Chapter at the Mertens Hotel, Grand Rapids, 52 were present 
for dinner and 15 additional members and guests attended the 
business session. Reports of the Secretary, Treasurer, and Chap- 
ter delegate were read and approved. 

As new business, Pres. W. W. Bradfield brought up two mat- 
ters relating to the activity of the Chapter. It was decided to 
have a Constitution and By-Laws Committee appointed for revi- 
sion of the present Constitution. A motion for the appointment 
of a local committee for consideration of minimum requirements 
for heating, ventilating and air conditioning systems was ap- 
proved. 

It was announced that in March members of the Michigan 
Chapter and those»in attendance at the Michigan State College 
Short Course would be guests of Western Michigan Chapter, at 
a meeting held in East Lansing. 

A number of the technical papers presented at the Society's 
Annual Meeting were abstracted for the benefit of those who 
could not be present. 

O. D. Marshall, chairman of the Program Committee, intro- 
duced B. F. McLouth, who discussed the report of research 
studies at the University of Illinois, Study of Methods of Con- 
trol and Types of Registers as Affecting Temperature Varia- 
tions in the Research Residence. 

S. H. Downs then discussed the paper reporting results of 
tests at the John B. Pierce Laboratory of Hygiene, New Haven, 
Conn., Physiological Reactions and Sensations of Pleasantness 
Under Varying Atmospheric Conditions. 

The paper, Condensation Within Walls, giving the results of 


. 
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tests conducted at the University of Minnesota, was pres: x; 
by Prof. L. G. Miller. 

Mr. Marshall summarized the paper, Cooling Tower | 
ment and Its Relation to Water Conservation. 

President Bradfield ably gave his observations on thx 
Lincoln Vehicular Tunnel as gathered from his inspection 
during the recent Annual Meeting. He referred largely 
ventilating aspects of the tunnel and maintained the inter: 
the members until the meeting adjourned at 10:30 p. m. 


Washington, D. C. Chapter 

March 9, 1938. This meeting of the Washington, | 
Chapter was a joint session with the [ocal section of the 
can Society of Mechanical Engineers and was held in the 
mac Electric Power Co.’s auditorium. The meeting was | 
attended and approximately 50 A. S. H. V. E. 
present. 

The routine business of the Chapter was dispensed wit 
H. G. Thielscher presided. 

Preceding the lecture, Pres. L. S. Ourusoff made a few 
announcements of interest to the Chapter. 

Immediately following, Mr. Thielscher 
Schlenker, consulting engineer and lecturer at Columbia 
versity, New York, whose subject was Noise, Sounds and \ 
The address was instructive a: 


members 


introduced \ 


tions in Ventilating Ducts. 
interest was added to by demonstrations of equipment. 

Secy. L. F. Nordine reports that the meeting adj 
at 10:30 p. m. 


Minnesota Chapter 


March 14, 1938. Pres.. R. E. Backstrom called the meeti: 
of Minnesota Chapter to order following dinner at the Mim 
sota Union. 

Prof. F, B. Rowley spoke with reference to facilities avail 
at the Institute Center, University of Minnesota, and told 
organizations that have used the accommodations for 
ences of three or four days’ duration. After discussion Presid 
Backstrom appointed the following members as a committe: 
take action relative to this matter: Professor Rowley, 
Jones, H. M. Betts, H. S. Morton and R. E. Backstron 

A. J. Huch, chairman of the Entertainment Committ 
reported with regard to the May 16 party at Golden \ 
Golf Club. He announced plans, which included an all 
session, with golf for the men, golf and cards for the lad 
and a dinner and dance in the evening. Transportation fa 
ties have been arranged for all who desire to attend. 

President Backstrom then turned the meeting over t 
Morton who introduced the speaker of the evening, J. F. M 
phy, General Electric Co., Chicago, who gave an interesting \y 
address on the Trend of Air Conditioning. 

Approximately 55 members and guests attended according | 
the report of M. H. Bjerken, acting secretary. 

February 14, 1938. The regular meeting of the Minnesot 
Chapter was held at the Minnesota Union, University of Min 
sota with approximately 100 members and guests attending. ) 
ner was served at 6:30 p. m., after which Pres. R. FE. Bach 
strom called the meeting to order. 

Secy. F. C. Winterer read two notices which were © 
from Secy. A. V. Hutchinson with reference to distribution 
The Heating, Ventilating, Air Conditioning Guide 1938 and 
new dues rate effective in 1938 for Student Members. 

President Backstrom outlined briefly his experience a! 
44th Annual Meeting of the A. S. H. V. E. in New York, met 
tioning the names of approximately 20 or 25 Minnesota Chap 
ter members who attended, and covering activities and th 
ference of Chapter delegates. 

A card with greetings from Mr. and Mrs. Albert Buengt 
was read by President Backstrom and received by those 
tendance with great pleasure. 

N. D. Adams, a member of the Society’s Council, spoke 
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t research work of the A. S. H. V. E. and the Speakers 
Bureau, and also gave the membership status. Mr. Adams then 
p! sented an interesting and educational resumé of his trip from 
New York to Bermuda and return, which included high lights 
limate, scenery, mode of living, etc. encountered during the 


aotn 
trip. 

The meeting was then turned over to the speaker of the eve- 
ning, Prof. F, 
Professor 


B. Rowley, University of Minnesota. The sub- 
sect of Rowley’s address was Condensation Within 
Walls. 
en account of high relative humidities due to the marked ad 
With tabular data, 


illustrations of test houses, sections of walls and ceilings, he ex- 


He outlined the moisture problems that have come up 
vances in the science of air conditioning. 


plained the moisture gain within walls and ceilings as a result 
of tests made of various constructions and at various per cents 


of relative humidity and temperature. After Professor Rowley’s 


talk, numerous questions were asked, which indicated that the 
subject was of great interest and that those in attendance had 


derived some real value from the meeting. 


Pittsburgh Chapter 

Varch 14, 1938. Pres. J. | Pittsburgh 
Chapter meeting to order in the private dining room of Stouffer's 
Restaurant. Secy. T. F. 
ruary meeting which were approved. 


Collins, Jr. called the 
Rockwell read the minutes of the Feb 


L. S. Maehling, treasurer, reported on the Chapter’s financial 
condition. 

Other committee chairmen submitted reports as follows: Pro 
re A 


Lonven 


Smyers; Membership Committee 
Waters; 
<. A. Miller; and Social Committee—R. J. ] 


eram Committee—E. C, 


Edwards; Air Conditioning. Committee—G, G 
tion Committee—R 
Tennant. 

[he chairman of the Student Committee, Professor Rockwell, 
introduced the first speaker, Bruce Jacobi, senior, Carnegie In 
stitute of Technology, who spoke briefly on an Outlook for Air 
Conditioning, in which ‘he abstracted material appearing in a 
newspaper article. 

President Collins then introduced Prof. B. M. Woods, Uni 
Berkeley, 


Factors in Air Conditioning. In his paper 


Calif.. who spoke on Human 
Professor W oods 


expressed the idea that mechanical equipment had advanced t 


versity of California, 


the point where any reasonable combination of atmospheric con 
ditions in an enclosure could be produced and controlled, but 
just what combinations of conditions might be most beneficial 
Professor 


Woods then referred to various investigations being made by 


to human beings still remains to be determined. 
medical men in this field and discussed the results to date. He 
concluded his presentation by exhibiting a number of slides, some 
of which were pictures of simple cooling devices used in the 
hot dry climate of the Southwest. 

This paper proved to be of unusual interest to the 45 members 
and guests present. 

February 14, 1938. Pres. J, F. Collins, Jr. called the meeting 
of Pittsburgh Chapter to order at 7:35 p. m. in the private din- 
Secy. T. F. 


the minutes of the January meeting, which were approved 


ing room of Stouffer’s Restaurant. Rockwell read 
The following committee chairmen reported on the activity 
National Activities—Prof. C. M 
McIntosh; Student Activities 

Professor Rockwell; Social Committee—R. J. J. Tennant. As 
part of the committee’s work, H. A. 


Social 


of their various committees 


Humphreys; Research—F. C. 


Canon, member of the 


Committee, related some anecdotes about Abraham 


Lincoln, 


President Collins read a report of the conference of Chapter 

A Annual Meeting in New York. 
lr. E. Purcell, superintendent, Allegheny County Steam Heat- 
ing Co, was introduced by 
speaker, Mr. 
egan by reviewing the history of the industry, going back to 
the original plant in Lockport, N. Y. 


elegates during the Society's 


President Collins as the principal 


Purcell’s subject was District Heating, and hc 


He then described the 
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beginning of the company with which he is associated, emphasi 
ing the difhcult and expensive construction of the distributi 
system required by the local topography Phe paper was Cor 


cluded with a discussion of the economics of district heating 


including such items as load factor, use factor and optimun 
line pressure. 
The 54 enjoyed Mr. Purcell’ 


presentation and an interesting discussion tollowed 


members and guests greatly 


Massachusetts Chapter 


Varch 15, 1938. Sixty members and guests attended 
Massachusetts Institute of 


Walker 


the business session of Massachusetts Chapter 


meeting at the 
supper was served in the Memorial cafeteria precedi 

Pres. James Holt presided and announced the following thre 
nominations for the Board of Governors for ‘ 
to be voted on after the Db. S. Boyden, H. W 
| rederick and 


April meeting 
Alfred Kellogg 

The subject of discussion for the evening was Refrigerati 
m Air 


were dis¢ ussed by 


Conditioning. Different types of 
two speakers. W. E. R 
Bloomfield, N J . 


Champion, Ingersoll-Rand Co 


refrigeration system 
Karsten, General 
Electric Co., spoke on compression systems 
and E. | New York, spoke 
steam jet and centrifugal water vapor systems 

According to Secy. H. C. Moore a general discussion followed 
the meeting 


Massa 
chusetts Chapter held a meeting at the Massachusetts Institut 


February 15, 1938. Eighty members and guests of 


and preceded the technical session with supper 


of Technology pf 


at the Walker 
James Holt gave a brief summary of the most important papers 
\nnual Meeting held in New Yorl 
Che retiring national president was then called upon 


remarks and Col. D. S 


Memorial Cafeteria. Early in the evening Pres 
presented at the Society's 
for hriet 
Boyden responded with general Society 
statistics and his appreciation of the support given to him by 
Massachusetts Chapter 

Three 
topic of Recent 
trols J Hi. Barrett, who described in detail a recent local 
stallation rT. F. McCoy gave 


ments m this field and |.-H 


speakers were introduced and spoke on the general 


Advances in Temperature and Humidity Cor 
a description of general develop 
Colby told of experiences with 
different thermostatic element 11 lit itrol peciall) 
lost: ts and humidity controls, especially 

in mulls. 
 ecy Hm. C. 


Moore 


three 


reports that many questions were at 


swered by the speakers when the meeting was open for 


general discussion. 


Illinois Chapter 
March 


was the largest of the current season and was held at the Bre 


Varch 14, 1938. The neeting of the Illinois Chapter 


voort Hotel, Chicago, with 118 present at dinner and 185 in at 


tendance at the meeting [The meeting was ealled to order at 
7:55 p. m. by Pres. S. I. Rottmayer 

New Chapter members, M. |]. Stevenson, O. G. Ward, H. J 
Prebensen and F. W. Wills, were introduced by E. M. Mitte: 


dorft, Membership Committee chairman 
Meetings ( 


lom Brown, chairman of the announced 


that Prof. S 


ommittec 
Illinois, was scheduled as 
Heating He also 


told of plans for the May meeting with golf in the day time and 


Konzo, University of 


speaker at the April meeting on Forced Air 
a combined business and social meeting in the evening 


G. H 


Larson, 


Blanding introduced the speaker of the evening, Prof 
Madison, Wis., past 


Larson's subject was 


G. | University ‘of Wisconsin, 
president of the A.S.H.V.E 
Mechanical Hot Water 


review of hot water 


Professor 
Heating Systems. He gave a general 
as a heating medium, traced the development 
of the forced circulation system, compared it with the gravity 
method and presented various arrangements of piping and other 
fundamental phases of the subject. His talk called for con 


siderable discussion entered into by Chapter members 






At the conclusion of the meeting a rising vote of thanks ex- 
pressed the Chapter’s appreciation of Professor Larson’s visit. 

Announcement of the election of the following as members of 
the Nominating Committee was made by the tellers: J. J. 
Aeberly, Tom Brown, J. J. Hayes, John Howatt, C. W. Johnson, 
J. H. Milliken and C. E. Price. 

February 14, 1938. Pres. S. I. Rottmayer presided at a meet- 
ing of the Illinois Chapter, held at the Brevoort Hotel, Chicago, 
with 82 members and guests present. The minutes of the Janu- 
ary meeting were read by Secy. C. E. Price after which E. M. 
Mittendorff introduced two new Chapter members—J. H. Manny 
and C. E. Beery. 

Secretary Price gave a detailed report of the 44th Annual 
Meeting of the A. S. H. V. E. and other activities of the week 
in New York. J. J. Aeberly gave a brief summary of the meet- 
ings held by the Council while in New York, and he also ex- 
plained the fundamentals of the health work in relation to air 
conditioning which the Society is undertaking. 

President Rottmayer then introduced J. T. W. Babcock, engi- 
neer, Western Factory Insurance Association, who spoke on the 
subject of Fire Hazards in Connection with Heating, Ventilat- 
ing and Air Conditioning. He pointed out that it is a matter 
of history that almost every engineering development is accom- 
panied with its era of fires and that air conditioning has pre- 
sented new problems which must be faced. He stated that safe- 
guards begin on the drawing board of the designer and urged 
the cooperation of the engineers in eliminating the hazards which 
might be set up by improperly designed systems. 

Mr. Babcock was followed by R. E. Maginnis, special agent, 
American District Telegraph Co., who described Methods of 
Protection Against Fires. 

It was apparent from the two talks that insurance companies 
are giving careful study to air conditioning and that the engi- 
neers should know what regulations are being prepared and 
should cooperate to the best interests of all concerned. 

After discussion by Mr. Aeberly, R. E. Hattis, E. P. Heckel 
and A. G. Sutcliffe, the Secretary was instructed to write to 
the organizations of the two speakers represented and thank 
them for making their instructive messages available to the 


Chapter. 


Manitoba Chapter 

Varch 24, 1938. The meeting of the Manitoba Chapter at the 
Fort Garry Hotel was presided over by Pres. D. F. Michie and 
attended by 15 members and guests, while 30 were present for 
the technical discussion. Roll call was taken and the minutes 
of the February meeting were approved. 

President Michie read a letter which had been sent to the 
Minnesota Chapter, inviting them to a joint meeting in Winni- 
peg on May 28. 

The following members of the Nominating Committee were 
named by President Michie to report at the next meeting: J. B. 
Steele, chairman, Frank Thompson and P. L. Charles. 

Welcome was extended to R. P. Hinton, a new Chapter 
member. 

The meeting adjourned to Theater A, Manitoba University, 
where the guest speaker, D. M. Forfar, Grinnell Co., Minne- 
apolis, gave an interesting address on Mechanical Systems of 
Hot Water Heating. 

A vote of thanks to Mr. Forfar on behalf of the Chapter was 
moved by Mr. Steele, for his interesting address. 

February 24, 1938. The Manitoba Chapter met at the Fort 
Garry Hotel, Winnipeg, at 6:30 p. m., with Pres. D. F. Michie 
presiding and 14 members and guests present. 

A letter was read from Pres. E. Holt Gurney of the A. S. 
H. V. E. regarding his proposed visit to the Chapter in April. A 
letter from Secy. A. V. Hutchinson of the Society was read, 
and stated the new rate of dues for Student Members. 

Frank Thompson spoke about the possibility of inviting the 
Minnesota Chapter to Winnipeg and President Michie welcomed 
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three new members, Theodore Kipp, P. L. Charles and 
McDonald. 

M. W. Shears of the Ontario Chapter was called on and 
a few remarks regarding their membership campaign. 

The guest speaker of the evening was W. D. Hurst, ¢ 
Winnipeg’s Engineer’s Department, who gave an interesti 
per on Treatment of Sewage as practiced at the new n 
sewage disposal plant in Winnipeg. After the lecture ther: 
a general discussion. 

A vote of thanks was given to Mr. Hurst on behalf 
Chapter, before adjournment at 9:45 p. m. 

January 15, 1938. Pres. D. F. Michie presided at a n 
of Manitoba Chapter in the Fort Garry Hotel, Winniyx 
6:30 p. m. B. F. McLouth, Dail Steel Products Co., La: 
Mich., was guest speaker of the evening and conveyed er 
from both the Michigan and Minnesota Chapters of the S 

Following dinner the meeting adjourned to Manitoba U; 
sity, where a public meeting was held with about 60 me 
and guests listening to an interesting address on Engin 
Sells Mechanical Warm Air Systems. 


Western New York Chapter 
March 14, 1938. 
at the dinner and meeting of the Western New York | 


About 88 members and guests were | 


held at the Iroquois Gas Co., Buffalo, where they were we 
by O. F. Flumerfelt. 

The minutes of the February meeting were read and ap 
L. P. Saunders, chairman of the Membership Committee, rey 
that 12 new members had been added to the Society from W: 
New York. 

Pres. B. C. 
and thanked the members for their efforts in writing their rey 
President Candee then read Senate Bill No, 174 1 


Candee reported in regard to the McNabve 


sentatives. 
gether with an extract from the report of the A. S. H. \ 
Council Committee on this bill, and, after considerable dis 
sion, it was voted to defer action until the April meeting 

A brief report of the business transacted at the 44th A) 
Meeting of the Society was given by President Cande« 
announced that he had been appointed a member of the Speal 
Bureau Committee for 1938 and requested assistance and s 
tions from the local membership. 

The meeting was then turned over to H. C. Schafer 
introduced W. B. Garrison, Jr., chief engineer, American G 
Products Corp. Mr. Garrison told briefly of some of th 
esting highlights in connection with supplying gas for th 
York World’s Fair. 

After a rising vote of thanks to their hosts, the meeti: 
adjourned at 9:00 p. m., according to the report of Secy. W 
Heath. 

ebruary 8, 1938. 

Western New York Chapter met at the University Club, Bufla 
The minutes 


Approximately 30 members and guests 


according to the report of Secy. W. R. Heath. 
the January meeting were read and approved and it was vot 
to postpone the date of the April meeting until later in | 
month to suit the convenience of J. F. McIntire, 1st vice-p: 
dent of the A.S.H.V.E. 

Pres. B. C. Candee read the McNaboe Bill and Governor lL: 
man’s veto message of June 6, 1937. He then read a resol 
tion, which after some discussion was unanimously adopted 
President Candee urged the members to personally communicat 
with their assemblymen and state senators, requesting then 
vote against the bill when it is brought up again in the nea 
future. 

M. C. Beman introduced the speaker of the evening, |’ 
Philip Drinker, Harvard School of Public Health, Boston, Mass 
who spoke on Atmospheric Pollution and Dust Control. 
fessor Drinker covered the most common forms of industrial 
pollution of air and spoke of the various methods available tor 
counteracting such pollution. During the discussion The: 
Hatch, dust control engineer, New York State Departmen! 
Labor, told of some of his experiences in similar work. 


( 
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Atlanta Chapter 


ipril 5, 1938. Atlanta Bilt- 
more Hotel at 8:00 p. m. for a meeting which was attended by a 


The Atlanta Chapter met at the 


engineering societies, who had 
Albert 


number of visitors from other 
heen invited in order that they might hear the address of 
Buenger on Reducing the Cost of Air Conditioning. 

The usual Chapter business was dispensed with, and after an 
nouncements by Secy. C. T. Baker, Pres. E. W. Klein intro 
duced Mr. Buenger, Dayton, Ohio, formerly a member of the 
\ S.H.V.E. Council and chairman of the Guide Publication Com- 
mittee. Mr. 
on his subject and presented a wealth of facts on the economies 


juenger delivered a timely and interesting address 


of air conditioning, including a discussion of types of plants best 
suited to meet specific conditions. He stressed the need tor a 
careful and exact analysis of all proposed air conditioning in- 
stallations and emphasized the necessity for thoroughness in de- 
veloping all information possible before deciding on the type ot 
plant and general layout to meet any given situation. The 
speaker gave some interesting cost statistics and showed how 
operating costs can be materially reduced by the use of properly 
applied insulation, the use of awnings over windows, and _ thx 
treatment of roof surfaces to reduce sun effect. One interesting 
typical example was developed in detail which concerned the 
operating cost of an air conditioning plant in a ladies’ ready-to- 
wear shop. 

The attendance was unusually large and all exhibited a keen 
interest in the topic covered and in the discussion which followed 

Plans were made for a special meeting of 
April 20 to hear Prof. F. E. 
\.S.H.V.E. 


It was decided to hold in abeyaiice the question 


the Chapter on 


Giesecke, 2nd vice-president of the 


f the election 


of officers until the May meeting. 

March 1, 1938. Pres. E. W. Klein presided at the regular 
meeting of the Atlanta Chapter at the Biltmore Hotel. 
ing the reading of the minutes and communications received by 
Secy. C. T. Baker, 


Committee to nominate officers for the coming year and present 


Folk Ww- 


President Klein appointed a Nominating 
The following mem- 
F. Kent, 


L. Templin and 


the slate at the April meeting for action. 
bers were appointed on the Nominating Committee: L. 
chairman, M. G. Driscoll, Leo Sudderth, Jr., C. 
W. J. McKinney. 

Following the conclusion of the usual order of business, Pres- 
ident Klein introduced M. G. Driscoll, Bryant Equipment Co., 
who gave an interesting and instructive talk on The Properties 
and Uses of Silica Gel. The facts presented by Mr. Driscoll, 
who was theroughly conversant with the subject, developed an 
interesting discussion and every.one present showed a keen in- 
terest in the data presented. 


Texas Chapter 


March 5, An outstanding meeting of the Texas Chapter 
was held at the Rice Hotel, 
guests gathered from College Station, Dallas, Chicago, Kansas 


1938. 
Houston, when 71 members and 
City, Philadelphia, Port Arthur, Kingsville, Beaumont, Galves- 
ton, New Orleans and Houston for dinner with the president of 
the A.S.H.V.E., E. Holt Gurney, Toronte, Canada. 

Following dinner, Pres. R. F. Taylor presided at a brief busi- 
ness meeting at which 23 new members were introduced and 
welcomed into the fellowship of the Society. J. H. Van Alsburg, 
Chicago, a member of the A.S.H.V.E. Committee on Research, 
Was presented by President Taylor. A special meeting of the 
Chapter in Fort Worth on March 22 was announced with Mr. 
Van Alsburg as speaker on Comfort and Research, 

\ Nominating Committee composed of C. R. Gardner, R. W. 
Kotzebue, and R. E. Chrone was appointed to report to the April 
meeting a list of nominees for Chapter officers for the year 
1938-39, 

Prof. F. E. Giesecke, 2nd vice-president of the Society, pre- 
sented President Gurney, whose discussion of the manner in 
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Society's research, and th results of 


1938 was compiled, the 


meeting of Chapter delegates at the 44th Annual Meet: 


\.S.H.V.E. in New York was exceptionally interesting and 
received After a short round-table discussior i Mr. ¢ t 
talk, the meeting adjourned, according 1 tl eport . 
W. H. Badgett 
Philadelphia Chapter 

Varch 10, 1938 The regular meeting of the P le 
Chapter was held at the Edward Bok Vocational S« 
dinner was served in the cafeteria, following wl a short t 


was given in behalf of the United Campaigi 


In order to conserve time, Secy. Bb. Eastman report 
the reading of the minutes of the previous meeting wa 
pensed with \ report was given by the treasurer, and \ 
Pres. H. H. Erickson introduced H Rettew, wl 
upon various men connected with the Board of Educat 
had contributed in the planning and erectior ft \ it 
School. 

It was moved and seconded that a letter of than WI 
by the secretary to the Board of education expr 
appreciation of the Chapter for the courtesy show: 

The meeting was then divided into groups w we 
through the building The inspection which t mm 
hours was confined largely to the mechanical « 

Oklahoma Chapter 

Varch 28, 1938 \ dinner meeti wa | at Okla 
City Golf and Country Club w 
of Oklahoma Chapter attending 

Following dinner, Pres. I. F. Daws troduced the 
town guests and Charles be wes, of the Daily Oklahoma HH 
then presented J. H. Van Alsburg, Hart and ey Mig. ¢ 
Chicago, Ill. who spoke on (sase 5 tngimeert Mr \ 
Alsburg, who is a member of the Society Committe 
Research, presented this subject im an interest { nner i 
stressed in particular the amount of research that is 
done by the A S&S. \ | and the necessity I great 
more in the future 

C. Z. Woodworth, consulting engineer, gave a bri lesct 
tion of the air conditioning system in a new residence 


which the members made a tour of imspectior 


description of the various features of the structur: 


Michigan Chapter 
March 14, 1938. The regular meeting of the Michigan Chapt 

was held at the Wardell Hotel at 6:30 p. m with appro itel 

65 members and guests present 

Pres. F. J 


secretary, 


After dinnet Feely asked for roll call and 


reports of th and the chairmat 
Committee W. G 


Annual Meeting of the Society held in New Yor! 


treasurer, 


Program Boales read President Feel 


report on the 


Prof. L. G. Miller, Michigan State College, discussed the 
annual short course sponsored by the National IVarm Aw He 
ing and Aw Conditioning Association to be held at East Lansu 
March 28-31, and invited Michigan Chapter to attend the bar 


quet on March 30 with J. F. McIntire, 1st vice-president 
the A. S. H. V. E., as speaker on 
tioning—Magic Words. 


President Feely then introduced T. W 


Research and Air ( 


Weigele. house heating 


engineer, Detroit City Gas Co., as the speaker of the evening 


In discussing Providing Detroit with Natural Gas, Mr. Weigel 


pointed out some interesting problems which were encountere 
and solved regarding rates, pipe lines, pumping stations, pr: 
sures, and the method employed in changing all gas-burni 


appliances in Detroit from manufactured to natural gas 
Secy. G. Puttle the 


vote ot thanks to the 


meeting 


According to the report of 
adjourned at 10:30 p. m. after a rising 


speaker. 


lowa-Nebraska Chapter 


March 8, 1938. A meeting of the lowa-Nebraska Chapter was 
held at the Hotel Cornhusker, Lincoln, and was attended by 53 
members and guests at dinner, while more than 100 were present 
for the technical program. A. L, Walters presided. 

The minutes of the previous meeting were read and approved 
and reports were made for the following committees: Member- 
ship Committee—Henry Kleinkauf; Publicity Committee—W. J. 
Hennessy ; and by Treas. F. L. D. Banner. 

Prof. R. A. Norman, lowa State College, offered a few com- 
ments pertaining to the procedure to be followed at the Heat- 
ing, Ventilating and Air Conditioning Conference during April 
6-8 at Ames, lowa. 

Secy. W. R. White read a letter from M. J. 
which he tendered his resignation as president due to his new 


Stevenson, in 


location in Chicago. 

A brief report of the Board of Governors’ meeting held pre- 
vious to the dinner was given by Secretary White and the ap- 
pointment of Vice-President Walters as president was an- 
nounced. It was also decided that those whose dues were paid 
as of March 8 would be considered charter members of the 
Chapter. 

Mr. Banner reported that the Chapter has a total of 38 mem- 
bers on its rolls, 

It was moved that the Secretary write a letter to Mr. Steven- 
son thanking him for his part in initiating the formation of the 
Chapter and expressing regret at his leaving the local organ- 
ization. 

N. B. Delavan, chairman of the Meetings Committee, intro- 
duced the speaker of the evening, R. F. Rosenbach, Sidles Co., 
who gave a detailed discussion of an air conditioning installa- 
tion in the Union Pacific Building, Omaha. He explained the 
procedure followed in making the preliminary survey, in deciding 
upon the type of installation to be used, and in selecting the 
equipment. He discussed the steps that were followed during 
the construction period, and explained the method used in plac- 
ing the major equipment, particularly the large 9 x 10 ft air ducts 
attached to the outsidé of the building. 


, 


President Walters closed the meeting by thanking Mr. R 
bach for his fine lecture and expressed the pleasure of the Cha 
in having so many guests present. 


Ontario Chapter 

April 4, 1938. The meeting of the Ontario Chapter was 
in the Royal York Hotel, Toronto, with 68 members and 
present, and was preceded by dinner. 

H. H. Angus reported on the progress of the Code Comm 

W. R. Blackhall stated that at the next meeting of the Ch: 
the holder of the Ontario Chapter award to the Universit 
Toronto student writing the best thesis on Air Conditi 
would be announced. 

The principal speaker of the evening was D. J. Puri: 
Mahoney-Troast Construction Co., New York, who was ii 


' 


duced by E. R, Gauley. Mr. Purinton spoke on Radiant H 
ing. Considerable discussion followed and Prof. E. A. A 
extended a vote of thanks to the speaker for his instructive 
Before the meeting adjourned, Pres. G. A. Playfair spok 
the death of T. K. Dobie, a member of Ontario Chapter. 
March 7, 1938. When the regular March meeting of Ont 
Chapter was held in the Royal York Hotel 67 members 
guests were present and dinner was served at 6:30 p. n 
A. J. Dickey, chairman of the Nominating Committe: 
nounced the following nominations for officers for th 
suing year: 
President—H, B. Jenney 
Vice-President—-H. D. Henion 
Secretary-Treasurer—H. R. Roth 
Ellis, C. Tasker, J. W. O'Neill. 


Board of Governors—F. E. 
As past president of the Chapter G. A. Playfair will aut 
matically serve on the Board of Governors for the next yea 

H. H. Angus reported on the Code Committee and stat 
that satisfactory progress was being made. 

Mr. Tasker introduced the principal speaker for the « 
ning, A. L. Waines, Johns-Manviile Co., who presented 
talkie film entitled Heat. 

Following this presentation a vote of thanks was extend 


to Mr. Waines by M. W. Shears. 





CANDIDATES FOR MEMBERSHIP 




















The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for mem 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their reier 
ences shall be printed in the next issue of the JourNAL of the Society or sent to the members in other approved manner as ordered 


by the Council. 


When replies are received from references, the Candidate’s application shu‘! be submitted to and acted upon }) 


the Committee on Admission and Advancement as soon as possible. 
When the Committee on Admission and Advancement has acted favorably upon a Candidate's application and assigned his 


grade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. 
35 applications for membership have been received and the names of these men and their sponsors are published in the following 
The Committee on Admission and Advancement, and in turn, 


Members are requested to scrutinize the list with care. 


During the past mont 


Council, urge the members to assume their share of responsibility of receiving these candidates into membership by advising 
Secretary promptly of any whose eligibility for membership is in any way questioned. 
All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is th 


duty of every member to promote. 


Unless objection is made by some member by May 16, 1938, these candidates will be balloted upon by the Council. 


r) 


elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 
Auericut, C. B., Chief Air Cond. Engr., Lightning Elec. Service 


Co., Caldwell, N. J 
Brokaw, G. K., Student, Univ. of Calif., Oakland, Calif. 


Brown, M. D., Mech. Engr., Northup & O'Brien, Archts., Wins- 
ton-Salem, N. C. (Advancement) 
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‘ REFERENCES 

Proposers Seconders 

D. W. Nelson 

Webster Tallmadge 

V. H. Cherry 

L. M. K. Boelter 
(Non-Member) 

L. W. Biebigheiser W. R. James (Non-Mem! 
(Non-Member) 

G. R. Stinson (Non-Member) 


Gt. Larson 
John James 

W. E. Leland 
B. F. Raber 


G. E. Brewer (Non-Meml 


Heatinc, Princ ano Am Conprrionrne, May, !938 








CANDIDATES 


( 
Calif. 

Coe, S. S. Owner, Air Cond. Engrg. Co., Montreal, Que., 
Can. 

necuern, H. E., Prof. Mech. Engrg., Univ. of Texas, Austin, 
Texas. 


Downtne, C. B., Secy.-Treas. & Mgr., N. B. Downing Co., 
Milford, Dela. 

Fecreston, H. L., Mgr., Natural Gas & Ref. Depts., Gilmore 
Oil Co., Los Angeles, Calif. 

Fveretts, Joun, Jr., Secy.-Treas. & Engr., Air & Refrigeration 
Corp., New York, N. Y. (Advancement) 

Farrow, E. E., Pres. & Gen. Mer., E. E. Farrow, Inc., Dal- 
las, Texas. 

GarNEAU, Leo, Sales Engr., C. A., Dunham Co., Ltd., Montreal, 
Que., Can. (Advancement) 

Genre, E. J., Sales, Norge Htg. & Air Cond., Phoenix, Ariz 


Gorpon, C. W., Supt., A. G. Baird, Toronto, Ont., Can. 


Gorvon, H. H. W., Resident Ener., Carrier Engrg. South Africa, 
Cape Town, South Africa. 

Goss, M. H., Partner, M. H. Goss Co., Detroit, Mich. (Rei 
statement ) 

GrosSENBACHER, H. E., Owner & Mer., Grossenbacher Stee! 
Furnace & Mfg. Co., St. Louis, Mo 

HocHMAN, EUGENE, Student, Mass. Inst. of Tech., Cambridge, 
Mass. 

Jaxorsxy, F. A., Student, New York Univ., New York, N. Y 


Lipscompe, H. W. J., Managing Director, The Lipscombe Air 
Cond. Co., Ltd., London, S. W. 1, England. 

Lynn, F. E., Chief Engr. Air Cond., Electric Products Corp., 
Pittsburgh, Pa. 

May, J. W., Instructor, Univ. of Kentucky, Lexington, Ky 
(Advancement ) 

Penney, G. W., Megr., Electro-Physics Diy., Westinghouse Elec 
& Mig. Co., East Pittsburgh, Pa. 

Reep, W. H., 3rd, Sales Engr., Dravo Corp., Pittsburgh, Pa 


Scattnoi, C. R., Student, Mass. Inst. of Tech., Cambridge, Mass 
Sesser, R. E., Student, Mass. Inst. of Tech., Cambridge, Mass 


Suaw, J. A., Gen. Elec. Engr., Canadian Pacific Ry. Co.. Mon 
treal, Que., Can. 

Simons, E. W., Design Engr., Redwood Mfrs. Co., San Fran 
cisco, Calif. 

Sprinc, C. L., Htg. Engr., Des Moines Stove Repair Co., Des 
Moines, Iowa. 

~~ Wittem, Student, Mass. Inst. of Tech., Cambridge. 
LAaSS. 


Supon, Dantet, Student, Carnegie Inst. of Tech.. Pittsburgh, Pa 


Teves, H. L., Gen. Mgr., N. V. Becht & Dyserinck, Amsterdam, 
Netherlands. 


Turmmt, A. F., Student, Carnegie Inst. of Tech., Pittsburgh, Pa 
Viapikorr, E. I., Student, New York Univy.. New York, N. Y 
Yuska, L. J., Student, State Univ. of Iowa, Iowa City, lowa 


ZUMWALT, Ross, Member of Firm, Zumwalt & Darrah, Dallas. 
Texas. 


Candidates 


In the past issues of the Journat of the Society the names of the following men were listed as Candidates for Membershij 


.ppenter. R. D., Student, Calif. Polytechnic, San Luis Obispo, 
\RPENTER, ‘ I 


REFERENCES 


Proposers Si nders 
R. R. Mason (Non-Member) ( | K nott \ Ven 
N Sharpe (Non-Member) H. ¢ btigge (NA VJ 
C. W. Johnson H. G. S. Murray 
Leonard Martin F. G. Phipps 
| | Gnesecke W H. Severns 
R. F. Taylor \. P. Kratz 
F. I. Ponsell (. Muirhead (Non-Me) 
M. C. Barnum Grant Windsor (A Ven 
R. E. Phillips Leo Hungerford 
W. S. Kilpatrick H. B. Lauer 
W | Fleishe ] | Blacks! aw 
W. E. Heibel John James 
R | Taylor | | Csreseck« 
R. K. Werner H. W. Skinner 
F. A, Hamlet F. G. Phipps 
G. L. Wiggs C. W. Johnsor 
Ik. H. Kendall P. M. Tidmars! 
H B. Lauer B. t Nowaisl 
R. P. Allsop H. R. Roth 
E. L. Bowermat W. P. Boddingt 
Jacob Ehlers ( \. von Chri 
EK. G. Carrier DD. ¢ Lindsa 
W. G. Boales G. H. Tutth 
R. K. Milward G. D. Winans 
G. W. F. Myers ( | Boestet 
Kk. EK. Carlson R. J. Tenkonohy 
James Holt G. B. Wilkes 
Hl. ¢ Moore Carl Svensson (4 
Henry Gittermat W. T. Wrightsor 
C. S. Pabst | | \dams 
IK M. Prvyke \\ ty. Case 
Victor Kraminsky Thomas Chester 
J. J. La Salvia M. L. Cars 
H. A. Canon i, C. MelIntosh 
L. S. O’ Bannon | \. Bureau (4.1.41 
Perry West ( ( lett (A.S.M./ 
FF. C. Houghter r. F. Rockwell 
J. F. Collins, Ir Fk. C. Smyers 
H. A. Canon Ek. C. Smvyers 
C. E. Parks P. A. Edwards 
James Holt (;. B. Wilkes 
H. C. Moore Carl Svenson (4.S.R.] 
James Holt G. B. Wilkes 
H, ¢ Moore (Carl Svenson (.4.S 
G. L. Wiges Leo Garneau 
( W. Johnsor | H. Laffoley 
Kk. O. Kaup G. J. Cummings 
R. A. Folsom GG. M. Simonson 
L.. G. Milles Tr. R. Johnson 
R. A. Norman F. L. D. Banner 
James Holt C. M. F. Petersor 
H. C. Moore W. H. Jones (A.S 
C. M. Humphreys Fr. C. MclIntos! 
r. F. Rockwell R. B. Stanger 
Thomas McDonald M. M. Smith (A Ven 
1). Goedkoop Dzn H. H. Wex (A VJ 
{ Von V ember } 
C. M. Humphreys I, C. McIntosh 
r. kk. Rockwell R. B. Stange 
R. D. Lambert M. C. Giannini 
\. A. Adler P. B. Gordor 
H. O. Croft (A.S.A.4L.) lr. C. Caywood f 
X. M. Barnes (A Vember) 1. M. Russ () 
| S. Gilbert ( R. Gardnet 
H. J. Martyn \. M. Hart 


Elected 


; 


The membership grade of each Candidate has been assigned by the Committee on Admission and Advancement and balloted wpos 


' 


the Council. We are now instructed by the Council to post herewith, as required by Art. B-III, Sec. 8, of the By-Laws, the follow 


ing list of candidates elected: 


MEMBERS 


Bonn, H. H., Partner, Edward E. Ashley, Cons. Engr., New 
York, N. Y. 


Da - Cuartes, Chief Engr. Rathe Htg. Corp. New York, 
eS J 


Hevtinc, Piptnc anp Ai Conprriontnc. May. 1938 


kkKLUND, K. G., Consulting Engr., Stockholm, Swede 


vans, B. L., Design Ener., Langenbere Hte. Ci St Ly 
M ( Advancement ) 
Famicetti, A. R., Chief Energ. Draftsman, Navy Yard, PI 


delphia, Pa. (Advancement) 
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